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Preface to the Revised Edition 


Since The Development of American Industries was first published in 
1932, social, economic, and business changes have made a revision nec- 
essary. Statistics have been brought up to date, changes in the status 
of industries have been explained, the effects of legislative enactments 
have been stressed, changes in methods of production have been dis- 
cussed, and new products have been described. 

The effect of war conditions abroad and of our own national defense 
program has not been unduly emphasized. The final outcome of the 
Second World War, the amount of disruption of industry, the new prod- 
ucts and new methods that will have to be developed to meet emergency 
conditions, and the effect of the heavy tax program to cover national 
deficits are all factors that will have to be Icnown before anything can 
be written that will be more than a matter of opinion or surmise. 

John G. Glover 
William B. Cornell 




Foreword ‘to the First Edition 


It is particularly appropriate that this volume, devoted to a history of 
American industry, is issued upon the occasion of the 100th Anniversary 
of the founding of New York University, Most of the founders were 
men of affairs, leaders in the financial and business life of the city. They 
had a vision of the important roles which science and industrial organ- 
ization were to play in the development of our country. Although the 
University did not at all times follow strictly the course laid out by its 
founders, nevertheless it did contribute greatly to the scientific and in- 
dustrial progress of the nation. 

It should now be evident that scientific progress and industrial organ- 
ization are the foundations upon which the structure of our future social 
life must rest. We have passed out of a scarcity economy into an era 
of surplus economy, and the future well-being of the people of all na- 
tions depends largely — one might almost say, principally — upon the more 
perfect working of industrial organization. ^ 

In these pages is unfolded the thrilling stoiy^ of the development of 
American industry. The management of this tremendous force involving 
an investment of one hundred billion dollars must not be entrusted to 
men who have not developed a sense of their social responsibility. We 
need as never before an intelligent citizenship possessing all the culture 
which has come clown to us as a heritage of the past but capable of 
building a new culture which shall have its roots in a new soil — science 
and industrial organization. This does not imply retrogression. On the 
contrary, it means an expansion of cultural opportunities with accom- 
panying social adjustments of profound significance. 

The xjulture of Athens was based upon the trade and commerce of 
Athens. The Romans appropriated freely from the Greeks and by 
adding their contributions of law and government prepared the road 
for tlie greatest adjustment of all — our Christian civilization. The new 
social force, preserving the heritage of all preceding movements, shall 
through science and industry carry fon\^ard our culture, our social welfare 
and human happiness to still higher planes. Perhaps the true philoso- 
pher only is conscious as yet of the revolution through which we are 
passing, but this history of American industry will serve in a measure 
at least to prepare the background for more serious study and reflection. 

Jno. T. Madden 
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Preface to the First Edition 


The unprecedented growth of American industries has been due largely 
to American inventive genius in developing processes and methods for 
converting our vast natural resources into usable commodities and to the 
enterprise of far-sighted business men who have taken advantage of 
economic opportunities. Through their efforts and the enterprise of the 
industries they represent, our standards of living have been raised far 
above those of other nations. In order to appreciate the significance of 
our advanced civilization, it is necessary to understand its industrial 
background and to examine the history of the development of the major 
American industries and their phenomenal grovdih over the past two 
centuries. 

To secure the material for such a study would involve the reading of 
many volumes and the making of infinite inquiry among industries, as 
much of the information needed has never been in print up to this time. 
The average student of pure arts and sciences and of business would not 
have the opportunity, facilities, or desire for such an exhaustive study. 
Much less would the man of experience have the time or opportunity. 
To meet this need and the need of the teachers who lack the time for such 
exhaustive research, this book has been written. 

An authoritative and adequate treatment of such a broad subject — 
the development of each of thirty-nine major industries — v^ould not be 
within the mental or physical capabilities of any one or two persons. 
The cooperation of the industries themselves was therefore solicited. 
Prominent trade associations and leading industrial concerns became 
interested in the project. As a result, each chapter in the book is the 
joint product of some of the best minds in the particular industry cov- 
ered, and is a scholarly and accurate history of the industry. 

In general, each industry taken up in the text has been treated in a 
similar manner, not only to secure as far as possible a true cross-sectional 
representation of the industry itself, but also to permit of comparison 
between one industry and any other industry. Broadly speaking, the 
treatment of each industry’' covers its early history, including discoveries 
and operations, growth of the industry and the leaders in its field; the 
geographic location of important industrial centers; raw materials used; 
manufacturing methods; important products, including their volume, 
value and important uses, and by-products; methods of marketing, both 
domestic and foreign; methods of financing, and capital invested; labor — 
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the number and trades of people employed, health and safety conditions, 
etc/, internal organization of a typical company in the industry; impor- 
tant companies in the industry; legislation affecting the industry, and the 
possible future developments. One chapter has been devoted to each 
industry except the textile industry, v^hich has been given two chapters 
for the reason that in covering this subject it seemed appropriate to 
include a brief discussion of the Industrial Revolution and the fact-s 
leading up to it, as well as to cover the textile industry itself. 

This book has been developed primarily for use as a text in colleges of 
arts and sciences and in schools of commerce and business administration, 
and is the outgrowth of a course of lectures given over a period of several 
years in the School of Commerce, Accounts and Finance, New York 
University. However, inasmuch as many graduate engineers enter the 
production, selling, and financial field, it is hoped that the book will serve 
equally well as a text in schools of engineering. The treatment as 
covered in this book may often give the student a conception of an 
industry very different from tliat which he formerly held. Often it may 
aid the student in deciding as to the particular industry, and also as 
to what branch of that industry — ^production, selling or finance — ^he will 
enter upon graduation. 

To the business man, the book should be of value in that it gives the 
history of the development and the economic significance today of many 
industries, and cites practices which may well be adapted to his own 
business. Articles appearing in periodicals and in out daily newspapers 
relating to tariff and other legislation, to strikes, w^ages, unemployment 
and economic conditions, and to business in general, should be of more 
significance to the reader due to the many points brought out in the 
volume. 

In giving in one volume a histoiy^ of thirty-nine industries and a per- 
spective, historical and economic, of the United States from its beginning 
to the present, this book is in reality a history of industrial economy in 
the United States. 

The editors wish to express their deep appreciation of the splendid 
cooperation given by the trade associations, industrial concerns, and 
executives who have helped them in their task. To them full credit is 
given for the manuscripts covering their respective industries. The 
names of these contributors are given in the table of contributors w'hich 
follows. 

John G. 

WmuAM B. CoBNEi:»n 
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Labor’s Contribution to American Industries 


Labor has made an essential contribution to American life, not only in 
carrying on the industries of our country, but equally in shaping the ideals 
that guide millions in their daily lives. Our nation owes a debt of 
appreciation to American labor because its power has been used for con- 
structive policies. Wage earners in the United States have, first of all, 
been citizens devoted to the ideals and practices of democracy; as wage 
earners, they have sought to square their economic policies and prac- 
tices with these ideals of democracy. 

Within three-and-a-half centuries, the United States, which represents 
one twentieth of the world’s total land area, was converted from primeval 
forests into the world^s richest industrial country. The first-hand strug- 
gle with the forces of nature stimulated individualism, combativeness, 
and necessary acquisitiveness. The home of each settler was largely self- 
suiB&cient; the wife supplied the' personal needs of the family, and the 
father was responsible for earning the money income and supplying the 
tools with which to earn it. In pioneer communities, there were few 
Journeymen craftsmen, and those there were readily exchanged their 
craft for self-employment or a farm homestead. With the coining of 
mechanical power to drive larger-than-hand tools, industries left the home 
for factories, where people were paid wages for the day's work. But 
factory workers could always return to their homesteads in time of un- 
employment or could secure homesteads with little or no outlay of capital. 
It was not until the end of the nineteenth century that the opportunity 
for a free homestead for the taking was closed in the United States as a 
whole, although all such opportunities had long since passed in the New 
England and Middle Atlantic States. The passing of this frontier 
marked a new era in our economic life. 

With the coming of industrialism, wage earners found that they had to 
work out their problems of progress as wage earners, so they early learned 
to supplement their individual efforts by uniting with their fellow workers 
to bring greater powers to bear on their economic problems. 

In the early days, labor unions were local in organization and activity. 
Union organization on a national scale came with the development of 
national trends and organization in business. 
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LABOR'S CONTRIBUTION TO AMERICAN INDUSTRIES 


As producing workers, sharing in the development of industries to 
supply the growing needs of the nation, wage earners, consciously or 
unconsciously, were one of the powerful factors in developing the prin- 
ciples that direct the management of industries. Organized workers 
have helped to create an informed public opinion that has influenced 
industrial and Governmental policies. Most of all, they have been 
effective in directing and controlling their own destinies. Organized in 
unions, they have given wage earners the tradition and practices of 
individual initiative through organized collective endeavor and mutual 
advancement. 

Organized labor has given to industry workers who have the benefit 
of a public-school education and who have participated equally in all 
the rights of citizens of our republic. It has been an effective force in 
realizing democratic ideals in the daily lives of that great majority of 
our citizens — wage earners and their dependents. In order to level that 
barrier which creates the most permanent divisions between groups of 
citizens, the early labor movement sought to provide equal educational 
opportunities for all by establishing our public-school policy. 

Since wage earners, before the establishment of our public-school 
system, could not afford to send their children to pay schools, they sent 
them to free schools, to which a stigma of charity was attached. The 
public-school system is based on the principle that the state is responsible 
for the education of its citizens and should provide all children with equal 
opportunities for an education. Historians agree in attributing to Amer- 
ican trade unions the major credit for establishing our tax-supported 
public-school system. 

Closely associated with democratization of education was the extension 
of the ballot to all male citizens, abolishing its restriction to those owning 
property. After wage earners gained the right to participate in the 
decision of political issues at the polls, they helped to extend suffrage to 
women. 

Industry owes the labor movement a fundamental advantage, which 
it accepted without realization of its value and cost, namely, educated 
American wage earners with political status and hence definite resources 
for personal advancement. Certain practices and principles that have 
grown into industrial organization and management are outlined in the 
following sections. 

Labor philosophy. Frontier life, which did not provide artificial 
conditions enabling the less rugged to live on the labor of others, tended 
to eliminate class distinctions and to provide opportunities for the real 
producers. The American labor movement caught this spirit of democ- 
racy and learned to look upon itself as a national institution, promoting 
the w'elfare of wage earners as an element in industry and society, seeking 
to make progress with others and not against them. 

Because it accepted private ownership and the present organization of 
business as a system evolved out of economic needs and conditions that 
had defects but that could be made to function more equitably, the Amer- 
ican labor movement set itself to get higher wages and shorter hours for 
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the workers. Wage earners accepted individual initiative as essential to 
progress and provided the means by which individual wage earners could 
cooperate with mutual benefit. 

The American labor movement has consistently rejected all proposals 
departing from these fundamentals: individual effort and responsibility; 
voluntary associations for undertakings involving associated activity; 
insistence upon distinguishing between economic and political problems, 
and refusal to use political agencies to deal with economic problems; 
acceptance of the principle of mutuality — but not identity — of interests 
for all who are engaged in production but who have conflicting interests in 
division of gains; acceptance of the idea of interdependence of interests 
as the outstanding factor in the relationships between enterprises in the 
same industry, between industries, and between nations operating in 
regional or world markets. 

The American labor movement made its first major objectives shorter 
hours and higher wages because determination of these two conditions 
controls opportunities for higher standards of living and wider, activities 
and interests. It has been practical and realistic, refusing to be misled 
by theoretical plans to reorganize business or society. 

Any system must be operated by human beings. The only way to get a 
lasting reform is through education of the persons who operate the system 
to a better understanding of forces and to higher objectives. Out of 
processes of meeting daily problems should come progress and construc- 
tive changes. The American labor movement, in refusing to outline any 
ideal plan for human relations, has been influenced by an evolutionary 
concept of social order, believing that, in the last analysis, all progress 
rests upon an educational basis. 

Trade unions hold that the work agreement should be a bona fide con- 
tract, jointly negotiated and mutually satisfactory. Labor believes that 
fact-finding and fact-using are essential to equitable determination of 
this work contract, although they have often had to resort to force to 
get a hearing for their contentions. An important objective has always 
been to keep permanently open the machinery for orderly adjustments of 
misunderstandings and new problems. 

The principles and practices of associated activity. When manu- 
facturing industries moved out of homes and small shops into factories, 
ownership of tools passed to employers. There were no standards of 
work relationship except those of master and servant, the former employ- 
ing the latter to do work for him under his direction and upon his terms. 
The employer held that he was fully justified in disposing of his prop- 
erty as he saw fit, and all suggestions from the employed were regarded 
as interference with the employer's rights and prerogatives, which were 
considered absolute. 

Wage earners, realizing they were not servants but essential contribu- 
tors to a production enterprise, learned that, by uniting and acting as a 
group, they could make a forceful demonstration of the value of their 
services and thereby secure more equitable terms of work. Their very 
act of organization was once held to be a conspiracy against the employ- 
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Tablti I 

WORKING STANDARDS FOR ALL INDUSTRIES 


Year 

Hourly Wages 

Hours 

All 

industries 

Union 

industries 

All 

industries 

Union 

industries 

1890 

S.21 

S .34 

58.4 



1900 ... 

.23 

.36 

57 3 

— 

1910 

.29 

.48 

54.G 

49.5 

1920 .... 

.69 

.99 

50.4 

45.9 

1926 

.71 

1.22 

49.8 

45.4 

1930 




— 

43.9 


Tablb II 

WORKING STANDARDS FOR MANUFACTURING INDUSTRIES ^ 


Year 

Hourly Wages 

Hours 

All 

manufacturing 

industries 

All union 
mamifaciuring 
industries 

All 

manufacturing 

ind 2 istries 

All union 
manufacturing 
industries 


S.20 

$ .32 

60.0 

54 4 

1900 

.22 

.34 

59.0 

53.0 

1910 . 

.26 

.40 

56.6 

50.1 

1920 . 

.66 

.88 

51.0 

45.7 

1926 . . 

.65 

1.01 

50.3 

45.9 

1929-1930 . . 

! 

— 

50.1 

— 

1941 (]May)« 

.726 

— 

40.8^ 



“United States Department of Labor, Bulletin 12101, released July 16, 1941, 
^^Wago and hour law in effect 


tions for large-scale production, progress of union organization was 
checked in the twentieth century, until the Federal Government, during 
the First World War, underwrote the right of workers to organize. With 
the development of management techniques and principles that had grown 
out of large-scale production, management developed labor policies and 
methods for dealing with workers, which it called **employee-represen~ 
tation plans” but which the workers called “company unions.” This 
development was in essence a subtle method of opposing union organiza- 
tion without resort to force and violence. Company unionism grew 
extensively during the period of peak industrial prosperity that ended 
with the stock-market crash in 1929. As the great depression settled 
dovm upon our economic institutions, unemployment and want stalked 
the land. Hope of relief came with the National Recovery Act, which 
brought new freedom for wage earners to organize. As collective action 
by employers, under this act, was exempt from proceedings under anti- 
trust law, so section 7 (a) of the act assured workers of the right: 
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to organize and bargain collectively thrcmgh representatives of their own 
choosing, and shall be free from the interference, restraint or coercion 
of employers of labor, or their agents, in the designation of such repre- 
sentatives or in self-organization or in other concerted activities^ for the 
purpose of collective bargaining or other mutual aid or protection. 

The result was a great uprising of wage earners to join the unions of 
their trades or callings. When the act was nullified by the Supreme 
Court, the Administration and Congress realized that this new right and 
freedom could not wisely be denied labor. The National Labor Rela- 
tions Act was enacted to guarantee wage earners the right to union mem- 
bership for purposes of collective bargaining. Interference by employers 
with this right was made an xmfair labor practice, prohibited by law. 
Society's assuring to workers this right to organize has provided millions 
with an opportunit}" to bargain collectively wdth their employers, so that 
work can be performed under contractual conditions mutually satisfac- 
tory to both parties. In addition to assuring a basic right to a large 
group of citizens, there begins the formulation of ethical standards in a 
new field. 

Difficulties in emerging from the economic cataclysm that paralyzed 
business from 1929 to 1933 helped to make clear basic changes that had 
taken place within our population and our economy. The center of 
population had moved westward. Ability to transmit electric power had 
removed many of the conditions that restricted the location of industries. 
Transportation had improved and improvements in communication had 
practical!}^ eliminated distance as a factor in business relations. Figures 
from the Census of Population show that that proportion of the labor 
force which is engaged in agriculture had declined from 53 per cent of 
the total labor force in 1870 to 21.4 per cent in 1930. Our birth rate had 
declined, but our life span had lengthened, so that by 1939, 43 per cent 
of our total population was available for gainful occupation, as con- 
trasted with only 32 per cent in 1870. In 1870, the proportion of the 
population depending upon manufacturing industries for a livelihood 
was increasing and continued to increase until 1920, but it has since 
declined. The output per worker has steadily increased, while the labor 
cost per \init of output has declined. The measurement of increases in 
man-hour productivity between 1900 and 1929 shows an increase of 
125 per cent, with the sharpest rise between 1920 and 1929, Between 
1929 and 2935, employment in manufacturing industries declined 31 per 
cent, while productivity per man-hour increased 27.2 per cent and output 
declined 13 ])er cent. AVhile technical progress was steadily improving 
the machinery and proccssc.^ of production, industrial research was 
finding new for old materials, new materials, and the chemical proc- 
es'jes for creating sub‘=^titutc materials. In mining, transportation, public 
utilities, trade and service establishments, nearly 3,000,000 jobs were 
wiped out between 1929 and 1939, while the number of persons seeking 
emplojuncnt steadily incrca’^cd.* 

Fn'dcnri: C., *TCmploymcnt Opportamtics in Mnnuf.ncturiniir Infiu.^tric? 
in Unit Oil ** in jVaOoricI Burrau of Economic Ecf^carch BuUeftn Ko* TO 

ea, mid otljer frludio*?. 
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All these changes in industry had their consequences for those human 
beings dependent upon industry for an opportunity to earn a living. - 
In this age characterized by collective action, various groups, includ- 
ing labor, have had .to find and use the most effective procedures in 
dealing with public and private agencies. As society has assumed respon- 
sibilities and delegated them to be administered by Government agencies, 
the union, still the representative upon which labor depends, has found it 
necessary to study the methods of administrative law in order to find how 
best to protect the rights and welfare of wage earners. 

Ideals of craftsmanship. In the early years of factory production, 
hand crafts were still essential to industry. . Manipulative skill repre- 
sented an investment on the part of the worker that had value to the 
employer. The union was the agency that maintained standards of 
craftsmanship and controlled the training of apprentices and their 
advancement to the rank of Journeyman worker. 

The training of apprentices was a responsible service to the industry 
and an essential factor in the development of the worker. With the 
coming of power-driven machinery, especially electric-power machinery, 
skills formerly supplied by hand were transferred to the machine. Train- 
ing men for the new Jobs involving the use of power machines became 
urgent for organized labor. Labor leaders saw that standards of work- 
manship, creative ability, and production conditions might be threatened 
if training were controlled solely for the purpose of increasing financial 
profits over a short-range program. 

Fearing the chaos that would result from complete undermining of 
craft standards, unions looked for a broader basis for vocational train- 
ing. They saw in the public-school system a social medium for meeting 
the broadening problems of vocational training. The American Federa- 
tion of Labor advocated and helped in the final enactment of the Smith- 
Hughes Act, which authorized the Federal Board for Vocational Edu- 
cation. Under that act, the unions are cooperating in the training of 
workers for modern industry. 

Increasing repetitive processes, with standardization of parts for mass 
production and mechanization of industry, have made obsolete old types 
of craftsmanship. Processes that formerly required manipulative skill 
are now done by machines at a much faster rate. In a sense, the older 
craftsmen were the pattern makers for the machines to which technicians 
have been able to transfer the work. Machine production has not 
destroyed the need for craftsmanship but has made necessary the devel- 
opment of new kinds of skills and new principles of vocational training. 
The union again is emphasizing the fact that workers have minds and 
w'ills as well as muscles. i 

However much machinery may be perfected, there is always need for 
the human hand and Judgment. To fit the worker to use both effectively 
remains the function of vocational training. 

The union senses as a repository of work experience, as the clearing 
center for workers’ vocational problems, and as an administrative agency 
competent to formulate and carry out policies. 
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Wages and hours. As tides of immigration brought skilled craftsmen 
from the industrial countries of Europe to our ports, established ^^age 
earners taught them American customs and standards of living. The 
newly arrived immigrants brought wdth them familiarity with the tech- 
nique of unionism, and the result of their association with American 
workers was the beginning of an American trade-union movement, 
adapted to American problems and conditions. This movement was 
retarded by the Civil War and the business depression following, but was 
well under way again in the seventies. Printers, cigarmakers, iron- and 
steelworkers, carpenters, molders, shoemakers, and so foith organized 
trade unions for the purpose of helping the workers to share in American 
prosperity. They first concentrated on two fundamental objectives: 
higher wages and more suitable standards for work hours. 

Wages and hours in factories were carried over from home industiy 
and agricultural standards. Unions began their long and difficult task 
of showing industry that wages and working conditions have to be 
adapted to industry’- and adjusted as industry changes. First the unions 
set 10 hours as the length of the workday, then 8 hours for those advanced 
groups that achieved the first goal. Then they urged the need of rest 
at the week end — 1 day in 7 ; then they tried for a little leisure — a Satur- 
day half-holiday; then the 5-day week. 

In this movement for the shorter workday, the unions were conserving 
the health and labor power of the nation — a national asset indispensable 
to sustained industrial progress. Labor's struggle for the shorter work- 
day, which has often forced them into the dogged resistance of strikes, has 
been slowly establishing the principle that economies of time are neces- 
sarily a part of industrial planning and management just as definitelj’’ as 
are economies of materials, capital, management, and so forth. The 
development of the techniques of time economies involves adjustments, 
balances, fitness. An antiquated workday standard in shop equipped 
with high-powered machine tools is just as inappropriate as are Franldin 
heaters in a modem apartment building. 

First and most important of the serious social and economic problems 
that have gro\\TL out of the introduction of machineiy and power is the 
problem of machine displacement. Persons who have served years of 
apprenticeship and additional years as skilled, trained workers have 
found their skill and training rendered valueless and ineffective. Fur- 
thermore, through increased productivity as a result of improved 
machinery, many have been forced into xmemployment and have been 
obliged to seek opportunities for ser\dce in newer industries, where their 
acquired skill and training is of little or no value. Actors, musicians, 
artists, telegraph operators, in addition to other skilled workers, have 
been displaced through the introduction of machiner>\ For instance, 
a power-operated machine used in the manufacture of men's clothing? 
operated by not more than 2 persons, displaces 200 skilled clothing cut- 
ters. Thousands of musicians have been displaced through the introduc- 
tion of movietone and mechanical music. Human displacement of this 
kind and character is going on constantly. Gradually, through the years, 
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machines have taken over work that used to be done by hand, so that, 
if we compare present methods with those of a century and a half ago, 
we see astonishing changes. For instance, one girl with modern spinning 
machinery in a textile mill, by working an 8-hour day, can turn out as 
much yarn as an army of 45,000 with spinning wheels 150 years ago. 
Similar changes have occurred in other industries over this long period 
of time. 

The amazing thing is that changes affecting thousands of workers have 
taken place almost overnight and without any plan for the future of dis- 
placed workers. In some industries, machines have been introduced so 
rapidly that, in a few years time, changes have occurred comparable to a 
century of earlier progress. This fact has been strikingly illustrated in 
the manufacture of electric-light bulbs. In 1918, it took 1 man a whole 
day to make 40 electric-light bulbs. The next year came a machine that 
made 73,000 bulbs in 24 hours. Each of these machines threw 992 men 
out of work. Similarly, in the boot and shoe industry, 100 machines 
take the place of 25,000 men. In the manufacture of razor blades, 1 
man, in 1931, could turn out 32,000 blades in the same time needed for 
500 in 1913. In automobile factories, similar changes have taken place. 
In 1930, in a Middle Western state, a huge machine could turn out com- 
pleted automobile frames almost untouched by the human hand; about 
200 men are needed to supervise this vast machine, and they produce 
between 7,000 and 9,000 frames a day. Compare this with a well-loiown 
automobile plant in Central Europe where, in the same year, the same 
number of men were making automobile frames by older methods; they 
turned out 35 frames a day. 

There are other outstanding examples of the effects of technical prog- 
ress, for example, 20 years ago all cigars were made by hand; by 1929, 
35 per cent were made by machines operated by girls, and by 1933, fully 
50 per cent were machine-made. 

In 1929, 250 men on a line finished 100 eight-cylinder motor blocks; 
in 1935, 19 men achieved the same output. 

Between 1919 and 1925, an average telephone operator increased by 
25 per cent the calls she completed per hour; in 1935, the number com- 
pleted in an hour increased 35 per cent. 

In the steel industry between 1929 and 1939, 63 old-process mills pro- 
ducing plate, tin plate, and sheet were permanently abandoned and 
replaced by the continuous-strip process. This change has displaced 
38,470 workers. In addition, in large integrated mills that are planning 
to install the continuous-strip process, 22,950 workers will be displaced 
if and when the new process comes into operation. The strip process in 
these large companies put a number of small companies out of business, 
throwing out an additional 23,350 workers. The total of those already 
displaced and those who will be displaced if present plans become effective 
is 84,770. 

Industrial rayon developed a continuous-spinning process that cut time 
in one phase fi’om 85 hours to 5.5 minutes. 

The cotton-picking machine, which is expected to come into operation 
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within 5 to 10 years, will probably dispense with the labor of 500,000 
hand pickers. 

Highly perfected machines for making cigarettes, shoes, glass bottles, 
glass dishes, textile fabrics, tractors, electric cranes, and shovels have 
greatly reduced the time necessary to meet the needs of our markets. 

The problem of technological unemployment has become increasingly 
grave. New industries do not develop rapidly enough to absorb the 
army of those looking for jobs. Technological progress has resulted in 
the bitter human tragedy of no job and no income, hunger and personal 
deterioration. It is absurd to accept the defeatist idea that human intel- 
ligence can devise technical improvements but is unable to find a way to 
make these improvements ser^^'e as labor-saving devices for the advance- 
ment of human welfare. Saving labor should increase leisure and not 
unemployment. We can reach this objective by planning to this end. 

During the business depression and banking collapse following the 
stock-market crash of 1929, we came to a new understanding of social 
and private responsibility for maintaining jobs for those dependent upon 
daily work for income. We recognized that new considerations were 
involved in fixing hours and wages for workers in an age of power pro- 
duction. We realized that there must be a sustaining relation between 
consumer incomes and the output of industries. 

Industries cannot exist without buyers. It is extremely significant 
that 93 per cent of all families in the United States have annual incomes 
under $3,000 and that three quarters of these incomes are under $1,500. 
Most of these incomes, of course, are spent for necessaries, so that no 
further explanation is needed as to the most direct way to increase pur- 
chases of consumer goods. Increased activity in consumer-goods indus- 
tries leads directly to greater production in capital- and permanent- 
goods industries. When we start such a chain of cumulative forces, 
unless we make sure that an adequate share of returns from production 
is allocated to wage earners to maintain consumer power, we are plan- 
ning, not for lasting recovery, but for a continuation of ups and downs 
in production and employment. In addition to including adequate wages 
in our plan for sustained progress, we must include a standard for work- 
day and work week which assures employment for those that need it. 
With modem production and increased productivity per worker, there 
need be no fear that wage earners will not produce enough in return for a 
good living wage. Sustained production will extend this wage through- 
out the year. Industries that cannot stabilize should take this factor 
into consideration in fixing rates. These facts and principles the Amer- 
ican Federation of Labor reduced to its formula: the 30-hour week, with 
no reduction in earnings. We urged unions to secure the 30-hour week 
by union agreement and, through petition to Congress, to make 30 hours 
the standard by Federal law. Our insistence seemed to assure the pas- 
sage of this law, but upon the request of the Administration, we put our 
plan in reser^^e to facilitate the enactment of the National Recovery Act, 
described above. 
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High-wage principle. Years ago, industiy accepted without question 
the idea that low wages were an asset to any industrial undertaking. 
A management that succeeded in reducing wages to the lowest possible 
rates was considered efficient, because low wage rates were assumed to 
be low labor costs. Wages, in the earliest factories, seem fantastically 
low. The average hourly rate in 1840 was 10.1 cents, which increased 
to 72.7 cents by the end of 1939. Price declines also steadily raised real 
wages, as represented in the buying power of wages. 

Organization of workers into trade unions put system into wage earners^ 
business arrangements. By organizing for control of the labor market, 
workers were able to insist upon higher w^ages. Steadily we built up and 
proved the principle that better hours and wages make for more efficient 
workers. We formulated the theory that workers with initiative, experi- 
ence, and physical vigor are more valuable in the industry employing 
them. 

Labor first pointed out that wages represent customer buying power 
in business depressions. Employers had assumed that the best way to 
meet depression was to curtail rigidly all expenditures. The first step 
was usually to cut wages. In 1896, labor pointed out that wage cuts 
only deepened the gloom. Because factoiy orders declined, customer 
buying was reduced in the retail market. In 1912, labor said: “No 
industry" — no country — has ever become great or ever can become great 
founded upon the poverty of its workers,^' In each succeeding depression, 
labor warned against the consequences of wage cuts and announced that 
it would fight wage cuts. All workers — organized and unorganized — - 
recognized the validity of this principle and accepted it as the basis for 
their action. 

In 1919, the American Federation of Labor first adopted a formal 
declaration recognizing increased productivity as the way to progress: 

The increased productivity of industry resulting from scientific re- 
search IS a most potent factor in the ever-increasing struggle of the 
workers to raise their standards of living, and the importance of tins 
factor must steadily increase since there is a limit beyond which the 
average standard of living of the whole population cannot progress 
the usual methods of readjustment, which limit can only be raised hy 
research and the utilization of the results of research in industry. 

In 1921, the Federation declared: 

There are but two avenues leading to permanent, higher standards of 
living for our people as a whole. One of these is the elimination of 
waste, either in the form of mismanagement or of undue exploitation 
and profiteering. The other is increased productivity. Both must be 
traveled simultaneously. 

This statement was rounded out by the 1925 convention, which formu- 
lated labor’s wage principle as follows: 

We hold that the best interests of wage earners, as well as the whole 
social group, are served by increasing production in quality as well as 
quantity and by high wage standards, which assure sustained purchasing 
power to the workers and, therefore, higher national standards for the 
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environment in wliich thej’ live, and the means to enjoj* cultural oppor- 
tunities. We declare that wage reductions produce industrial and social 
unrest and that low wages are not conducive to low production costs. 

We urge upon wage earners ever3W.’here that we oppose all wage 
reductions and that we urge upon the management the elimination o£ 
wastes in production in order that selling prices may be lower and wages 
higher. To this end we recommend cooperation in study of waste^ in 
production, which the assay of the Federated American Engineering 
Societies covering important industries has shown to be 50 per cent 
attributable to management and only 25 per cent attributable to labor, 
with 25 per cent attributable to other sources, principally managements 
in industries producing commodities for any single industry under con- 
sideration. 

As this declaration points out, distribution policies must mesh in wdth 
mass production, w’hich undertakes to supply products for the masses — 
that is, the wmge earners. So labor pointed out a basic principle in indus- 
trial balance, namely, that wages are something more than payments to 
producing workers for services; they constitute consumer credit upon 
which retail trade depends. 

In the past 20 years, Dr. Spurgeon Bell ^ finds the following significant 
changes for industrial wwkers; 

(1) Hourly earnings in money tenns increased 20 per cent. 

(2) Hourly earnings in purchasing terras increased 45 per cent. 

(3) Weekly earnings in money terms declined 10,1 per cent. 

(4) Weekl}’^ earnings in purchasing terras increased 10 per cent. 

(5) Between 1923 to 1925 and 1935, the rate of productivity per roan- 
hour increased 44 per cent, wiiereas unit costs of product decreased IT 
per cent. 

(6) The volume of production did not increase in proportion to 
increasing productivity. 

(7) The A'olume of employment materially declined. 

(8) Annual wage incomes declined materially; in money terms they 
declined 30 per cent, in terms of purchasing power 20 per cent. 

(9) Working hours per week declined from 49 to 39. 

In addition to these disturbing trends, indicating decreasing production 
and unemployment, the record of uncmploj^ment mounted to over 15,000,- 
000 in 1933, falling to 7,000.000 in 1935, and up again to 10,000,000 in 
1910. These figures do not include the unemployables. 

Obviously, otir most urgent problem i^ to increase production and 
national income, and thereby to increase employment and annual incomes 
of wage earners. Labor maintains that the sofiition of this problem rests 
primarily with private indu4r\' and the bankers, and has repeatedly 
pledged its willingness to cooperate. 

Functions and responsibilities of organized labor. In earlier days, 
unions were mainly fighiinc organizations with a responsibility for 
apprentice training, in order to maintain standard'^ of craftsmanship. 
They assumed no n.’*'poustbilily for management or for assisting with 

or*, Pronucffvii'j jT.rornt* (Wn«huic?on. P. C.' 

h’-CKJiwinr*' 10 tO), 
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the problems of management. Nor was there a distinction between 
ownership and management in these early days. But later concentration 
of financial control, the corporation method of financing, subdivision of 
processes, and standardization of parts and machines vciy definitely 
defined management as a separate function. It developed simultane- 
ously with efforts toward more scientific management of the materials of 
l>2*oduetion. 

The management movement was led by a few able, farsighted tiiinkers, 
but it attracted to it many who did not understand or appreciate the aims 
of its founders. Some of these who came into this new and growing pro- 
fession had no understanding of its social implications or the purposes 
and ideals of the labor movement. They irritated workers by turning 
them into subjects for experimentation. They ignored the experience 
and intelligence of the workers, and thus created a deep sense of personal 
injury. Wage earners everywhere protested against so-called ''scientific^^ 
management. Both labor and those in the management movement who 
really understood the principles of management pointed out that no 
method could be truly scientific which deliberately excluded a source of 
primary information and ignored the fact that work plans had to be 
executed by workers whose will to cooperate represented a distinct 
production asset. 

Wage earners, through their unions, have pointed out that producing 
workers who handle materials and tools have a special knowledge of 
work problems that no one else could have and that this knowledge is 
essential to balanced scientific planning. The extent to which a w^orkcr^s 
work should be planned for him depends upon the particular task 
involved, its surrounding conditions, and the ability of the worker. In a 
very real sense, a certain amount of planning must be done by those on 
the job. There must be coordination of all experiences and interests to 
eliminate personal bias. 

Tlie protests of labor were effective in pointing to defects in tlie appli- 
cation of scientific management and in helping management to find more 
comprehensive principles. The controversy focused attention on the 
human element and on cooperation as tlie method for getting the best 
results through associated activity. Consent of worker and management 
is indispensable for cooperation. 

Some unions have seen the possibilities of offering cooperation to 
management in reducing wastes and in working out production economies. 
Where management is farsighted enough to accept the offer, such under- 
takings are called ^'union-management cooperation.’’ They represent 
progress in organizing the relationships set up by collective agreements. 
They apply to the problems of daily work the method by which the work 
contract is negotiated, and give workers an opportunity to use their 
experience and intelligence in a wider way and to participate as an organ- 
ized group in directing the destinies of the industry. 

The possibilities of this sort of mobilization of the brain power of the 
full producing staff exist wherever collective bargaining has been set up. 
AVithout definite plan, cooperative undertakings have developed in many 
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places. Among the definitely organized, the best-known union-manage- 
ment undertakings are the cooperative relations between the railway 
shop-craft unions and the Baltimore and Ohio and tl'ie Canadian National 
Railways. 

In the shops of these railroads, joint committees arc set up consisting 
of equal representatives of management and w'orkers. These committees 
have made thousands of suggestions that resulted in economics and more 
efficient work. Working conditions have, consequently, materially im- 
proved, and shops where the cooperative program is in effect arc recog- 
nized by their safer, cleaner, more sanitary, and more comfortable con- 
ditions. The cooperative policy has been instrumental in reducing the 
costs of production and sales. Agreement as to what shall constitute a 
normal force, the more scientific budgeting of maintenance expenses, the 
establishment of placement bureaus, economies in reconditioning and 
building of cars and locomotives, and so forth have grown out of coopera- 
tive efforts and have contributed materially to the greater stabilization 
of employment in railroad shops and hence to the stabilization of incomes. 

The International Printing Pressmen's and Assistants' Union maintains 
a new’spaper engineering servdee responsible for maintaining higir stand- 
ards of efficiency and w’orkmanship in the production methods and prod- 
ucts of those firms wdth W’hich its unions have contracts. This service 
sends a monthly letter to each firm reviewing the work done in their 
plants, pointing out defects and suggesting remedies. Experts are sent 
to overcome difficulties, to give advice on the construction of buildings to 
house pressrooms, and to supervise installation or overhauling of equip- 
ment. These services to employers supplement the sustained efforts of 
the International to maintain higher standards of craftsmanship. 

The practice of cooperation discloses the fact of labor's real partnership 
in production. By its insistence on rights and justice, the organized 
labor movement has been leading to a better understanding of the rela- 
tionship between producing workers and the institution to which they 
are attached. These workers have a real investment in their jobs. They 
invest their time, their energy, their creative capacity, and they organize 
their lives to suit their jobs. They carry on the work processes necessary 
to send to markets the products that bring financial retiims to the indus- 
try and maintain the standards of products upon which the firm's good 
will rests. Not only do workers feel a pride of possession in their jobs, 
but they depend upon them for incomes to pay the costs of living. 

As partners in production, workers have a right to security of relation- 
ship. Every work contract should have a time clause, specifying the 
time for which the worker is employed. Such guarantees would neces- 
sitate a carefully planned budget, making emergency provision for work- 
ers as well as for capital and materials. The organized labor movement 
is working for job security, which, it maintains, is necessary to industrial 
Stability- 

National social program. The economic cataclysm made conspicuous 
the absence of any social program. To meet the emergencies of our citi* 
zens, the Social Security Act, approved in 1935, provided for Federal 
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contributions on a matching basis to states for old-age insurance for the 
needy; Federal old-age insurance on a contributory basis for self-support- 
ing persons; a Federal tax for unemployment compensation, with pro- 
visions for offsetting state taxes paid for the same purpose; and Federal 
grants for state provisions for dependent children and mothers, physically 
handicapped children, and for the blind. Intelligent thought for the 
future welfare of the nation requires that we provide for dependent chil- 
dren who are the future citizens. Our lack of experience in social insur- 
ance is retarding our efforts to develop real social security quickly and 
effectively. One of the main difficulties was failure at the start to realize 
that a irational security program must rest on a Federal law prescribing 
minimum standards that would establish a basis for fair competition for 
industries operating in national markets. Future progress must correct 
this basic difficulty and make benefits adequate. 

Following the nullification of the National Recovery Act, the Fair 
Labor Standards Act was enacted, fixing, for industries under Federal 
jurisdiction, minimum standards for wages and hours — ^fixing a floor for 
business competition. The Public Contracts Act gives similar protection 
to workers employed on work covered by Government contracts. This 
legislation supplements other laws that set up regulations and controls 
over private business in order to promote social interests and welfare. 

The National Labor Relations Act, supplemented by similar legislation 
in the important industrial states, represents a new charter of liberty for 
wage earners and small-salaried workers, giving them a new status. 
With the right to collective bargaining assured comes real opportunity to 
advance labor’s interests, with responsibility for making all efforts con- 
structive. Whatever terms of employment are agreed upon by employers 
and workers’ representatives, those terms should be put in writing, so 
that there can be no mistake as to meaning or conditions. This contract 
is then available for continuous reference during its life. 

During the past decade, workers have had greatly increased experience 
with factual presentations of cases — ^under the NRA, under tlie National 
Labor Relations Board, under Fair Labor Standards, Public Contracts, 
and so forth, as well as in collective bargaining. Paced with the demand 
for facts to prove their cases, workers have increased the need for research 
and technical assistance. They turn from force to facts wherever pos- 
sible. They look forward to the time when the accounts and records of 
the employing firm will be the basis for collective bargaining in order to 
determine what portion from sale of products they helped produce should 
go to producing workers. 

Congress of Industrial Organization. In 1935 a few international 
unions impatient with the process of discussion and majority decision 
organized a committee to promote industrial unionism. Subsequently 
the committee developed other than educational functions and the inter- 
nationals composing it were suspended by the executive council of the 
American Federation of Labor for forming a dual organization. Re- 
peated efforts have been made to compose the differences between this 
group and the American Federation of Labor, The Federation has 
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consistently advocated a basis of organization suited to the need of the 
workers concerned. The Federation chartered the first industrial union, 
the United Ivline Workers, and also chartered craft unions. Changes in 
industrial conditions and the wishes of union members should determine 
whether a imion should follow strictl}’' craft lines or take in all employed 
in an industry, and their wishes must take into consideration the rights 
of existing unions in a particular field for which the union is assuming 
responsibility. The fundamental policy of the Federation is voluntarism 
but voluntarism we know can exist only when we recognize and accept 
attendant responsibilities. The American Federation of Labor assures 
to its affiliates self government and expects from them full performance 
of duty in the light of the welfare of all. 

Labor’s objectives. The organized labor movement represents one of 
the strongest spiritual forces operative in our nation. It is a force that 
expresses the desire of men and women for personal advancement and 
progress, and, developed with a sense of responsibility, it becomes a 
great lifting power for human welfare. We do not live by bread alone, 
but bread is the staff of life. We do not seek shorter hours and higher 
wages for these ends in themselves but because we want a fuller and more 
abundant life for all. 

We want our families to have better and more comfortable homes, 
making family life happier; we want adequate food, clothing, and medical 
care, and education for our children; we want to make our contributions 
to the social organizations and churches of our choice; we want to accu- 
mulate savings against the human emergencies that overtake us all 
These are not extravagant objectives but are the legitimate desires of a 
free people. 

We believe there is intrinsic value in every human being, which gives 
him the right to choice in matters affecting his life. Organization into 
unions serves to secure this right for the wage earner and develops 
agencies within the union to help the worker exercise his precious right 
effectively. Despite legislation and other aids developed for the worker, 
the union remains the basic agency for promoting the welfare of wage 
earners in former and new fields A constructive labor movement is an 
asset of incalculable value to industry and to the nation. 
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The Agricultural Industry 


Early History 

Women the first farmers? Women probably ^vcrc the first farmers. 
For many centuries, man clung lo hunting and herding. Woman de- 
veloped agriculture near the camp or cave. !Mo.st economic advances 
in early society were made by ^vomcn. From tlic cotton plant, which 
the Greeks knew as 'Hbc wool-bearing trcc/^ primitive woman rolled 
thread and made cloth. 

Botanical and zoological evidence indicates that man^s first agricul- 
tural economy probably developed in the Tvear East, which includes 
Syria and Iraq. This area is the only place wlicre the wild plants and 
animals that became the basis for an agricultural economy existed. 

Itecords preserved on ancient monuments contain the gist of Eg>"piian 
agricultural histoi*}^ dating back to 3000 to 4000 n. c. Various animals 
had been domesticated. Crops were grown for man and beast under 
a s^^slcm of tillage and irrigation, wliich was united with the feeding of 
large numbers of animals on the ranges. Agriculture in Babylonia 
supported a dense population. In Persia, industry was poorly developed, 
but agriculture was exalted as the basic and noblest occupation of man- 
kind, and the common man devoted himself completely to the culture of 
flic soil. Scripture abounds in allusions to husbandry in Palestine and 
Egypt. 

Britons taught by Romans, Greek literature, from 1000 b. c. to the 
conquest of Greece by Rome in 146 n. c., throws considerable light on 
agriculture in that period. Into the ^^backward^^ countries which they 
conquered, the Romans carried their agriculture. To the Britons, the 
Romans taught agriculture so effectively that, before the occupation 
ended, they were exporting large quantities of grain. 

Indian agriculture in North America, IMore agricultural progress 
had been made prior to the coming of the white man to North America 
than is commonly supposed. Most of the Indians east of the Western 
Plains lived in settled villages and cultivated the soil. Indian corn w^as 
their chief food. A million bushels of car corn were raised annually. 
^^When the women plant maize, said tlicir crafty men, 'Hhe stalks pro- 
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duce two or three ears. Wi\yl Because women know how to plant 
com to ensure its germinating. They know more than we do.’' 

When the whites made their first settlements in -North America, a 
tribal family of American aborigines lived in the region between the 
Hudson River on the east and Lake Erie on the west. To the French, 
these Indians were the Iroquois; to the English, the Six Nations. They 
had achieved for themselves a higher degree of civilization than any 
other race of aborigines in the New World, except for some of the in- 
habitants of Peru and Mexico. 

The Iroquois practiced a crude agriculture, but it was superior to that 
of any of their savage neighbors. They fashioned earthen pots, wove 
baskets and mats, spun t\vine, made canoes, cured skins, smoked stone 
pipes, and contrived beads and wampum. For untold generations their 
agriculture had been carried on in all of the forests of New York, as in 
all of the forests, plains, and deserts of the continent. Agriculture, 
however, could never advance far without beasts of burden. The 
Iroquois and other Eastern Indians had none; but Indians of the Plains, 
at the time the Atlantic Seaboard was settled, had herds of horses, which 
roamed into Texas and California. 

Plants and trees that the Iroquois used for food and other purposes 
numbered about 75 species. Remnants of Indian agriculture are still 
to be found as practiced three centuries ago in the six Indian reserva- 
tions, where live 5,500 descendants of the Six Nations. Domesticated 
plants, numbering 553 species, are tmder cultivation in various parts of 
the 'world; and about 4,450 species some part or parts of which are edible 
are grown. Of the cultivated species, 448 are of Old World and 115 of 
New World origin. 

From barbarism to civilization. Before agriculture, the earth could 
have supplied no more than 20,000,000 men. Now^ the world’s popula- 
tion is 2,000,000,000. Voltaire w’anted to know the steps by wkich men 
passed from barbarism to civilization. Man began to be human when, 
through the uncertain hunt, he developed the greater security and con- 
tinuity of pastoral life, ^Yhich offered the advantages of domesticating 
animals, breeding cattle, and the use of milk. He may have begun lo 
domesticate animals wdien the helpless yoimg of slain beasts were spared 
as playthings for his children. Then, too, animal milk released women 
from prolonged nursing. 

Agriculture the base of civilization, A high state of civilization is 
impossible unless it is based on agriculture. Where people w^andcr an 
the time, they cannot accumulate the appliances that are essential even 
to the lowest real civilization. Agriculture is a peaceful occupatio^j 
the pursuit of wliich tends to breed out the physical strength of nomadis® 
Instances in which nomads have ruled over tillers of the soil are tho?^ 
in which tlic tillers had declined in vitality and strength. Betw'ccn 
these tw’o groups the difference in their w'ay and economy of living hn- 
always tended to produce mutual contempt and hatred. After the dc* 
vclopment of agriculture 30,000 to 40,000 years ago, it became possib** 
for man to be sedentary and live largely on the vegetable kingdom. 
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In the New Stone Age (10000 n. c* in Asia and 5000 n. a in Europe), 
men not only chipped their stone implements but also smoothed and 
polished them. Men in that age knew the rudiments of agriculture. 
New Stone Age rock carvings show a peasant guiding a plow dranm by 
oxen. This marks an epochal invention of historj^ for men of the New 
Stone Age had strengthened the foundation of civilization by domesti- 
cating and breeding animals. Old cities of the New Stone Age are 
variously dated from 12000 to 18000 b. c. Agriculture as a crude art 
made these cities possible. 


Agriculture Becomes a Business 

Farming as a mode of living. Farming in the United States was 
idealized and popularly accepted as a mode, or way, of living down to 
about 1900. Frugal farm families who worked hard on fair-to-good 
farm land made small net returns. An agricultural college dean, 40 
years ago, said that “farming is the best of all vocations because nobody 
can get rich in it.“ Farm families have long drawn heavily on the intan- 
gible or psychic income that nature provides in the old trinity of form, 
color, and sound. Even in 1939, the head of the National Grange wrote 
that “farmers must learn to cash in on the scener^% beauty, health, and 
recreation of the farms and homes of our land.” 

Fifty years ago, farmers possessed arts and skills that have since 
largely been lost. Farm men and women were equipped for living b}^ a 
high degree of literacy in their hands. Hired laborers on farms were 
called “hands.” Families in every farming neighborhood assumed as a 
matter of course the care, in their own homes, of aged or indigent rela- 
tives. Rural people in general were warmly and actively human. 
Mutual aid among them was always forthcoming in crises and mis- 
fortunes. 

Rural churches were well supported. From family Bibles, members 
drew inspiration, faith, fortitude, and human experience. Farm people 
felt akin to the rural people whose way of life in Bible lands was similar 
to their owm. Burial grounds received respectful care. Most one-room 
district schools, to which 15 to 30 children walked 2 to 4 miles, had 
6-month terms. School dinner pails or baskets carried by pupils con- 
tained substantial Idnds and quantities of wholesome foods. Women 
teachers were the rule. Picnics, spelling bees, popcorn parties, gamesj 
and simple dances provided social recreation and entertainment. 

Fairly stable land values. Land values were fairly stable at prices 
that discouraged speculation. Farms were mostly in the occupying 
ownership of second-, third-, or fourth-generation heirs of pioneering 
settlers. Sales of farms were few and far between. Almost every 
farmer, however, Icnew or believed that his land was worth more than he 
had paid for it, in cash, and that it was increasing rather than declining 
in cash value. Based on their experience, skills, habits, and economies, 
farm people had a sense of security on land. They owned their homes; 
they could produce their own living; they feared debt; they knew little 
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or nothing of other occupations; they lived in a local world that they 
believed would remain essentially as it was. 

Bankers in their back offices made character loans at 8 per cent to 
farmers whom they knew, respected, and trusted. A few young farmers 
read law in county-seat towns, and became practicing attorneys and 
politicians who held public offices. Mortgaged farms tended to stigma- 
tize the farmers who occupied them. Taxes were not burdensome. 
Farm families were large, compared with farm families in the same com- 
mimities today. They seldom had much cash. At stores in rural towns 
— ^reached by dusty, muddy, or icy roads — ^they exchanged produce from 
their own supplies for dry goods, shoes, coffee, sugar, salt, and the like. 
In short, farmers W’ere neither poor nor wealthy. 

Couples married young. Most young people married at the cus- 
tomary ages of consent and engaged in farming in their neighborhood 
or in an adjoining county or in a Western state. They were likely to 
start with a few hundred dollars in cash, some livestock, poultry, seeds, 
household chattels, and complete confidence in their ability to make a 
living and increase their assets on a farm. 

Drought periods in the United States. During the period between 
1895 and 1930, there were a number of droughts of the transitory-’’ class— 
short-lived and often affecting seriously only comparatively small areas. 
Among these may be mentioned that of 1901, in the interior valley and 
the Southwest. The following year, 1902, had adequate moisture in most 
states. Another transitory drought occurred in 1910, principally m 
the Central and Northern states and in the South, but tliis again was 
largely a one-year affair. Another, in 1917, affected mostly’ the South- 
west and Northern Plains, and still another, in 1925, was severe in the 
South and Southeast. 

For some 60 years up to 1930, there were a number of short-period 
droughts, but only one persistent and markedly dry phase of United 
States climate, the 1886 to 1895 decade, lasting, in general, about 10 
years; some years, of course, w’ere better than others. The 1930 decade 
drought period also had several y^ears with fairly favorable precipitation, 
but there W'ere three disastrously^ dry’’ years; 1930, 1934, and 1936. 

Agriculture from 1785 to 1860. During the 75 y’^ears before the Civil 
War of 1860, more agricultural progress was made than in all previous 
history'. America acquired and conquered a continent equal to that 
of Europe. Its population multiplied nearly eight times, from 4,000,000 
to 31,500,000. Trails, roads, turnpikes, steamboats, canals, railroads, 
and the telegraph were developed. Agricultural societies were estab- 
lished from 1785 onward. In the field of agricultural literature, the 
first American journal appeared in 1819. 

Agricultural teaching grew from a single chair in Columbia University 
in 1792, through a series of short-lived local schools beginning in 1823, to 
agricultural colleges, of wdiich five developed between 1854 and I860. 
It w'as in machinery^, however, that the greatest advance w’as made. 
With the invention of the cotton gin in 1796, progress was rapid. Wooden 
plow's and W'ooden harrow's gave w'ay to tools of iron by about 1825, and 
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then to tools of steel. In the first half of the century, the invention and 
use of the mower and then the reaper made it possible for fewer persons 
to haiwest larger acreages, and the surplus labor thus created went to 
settle new areas. 

In general, practically all of the progress and improvement in agri- 
culture that has just been summarized was accomplished by farmers 
themselves, without official assistance. ^lany Government officials, how- 
ever, gave much assistance in their capacity as private citizens. 


Increased Mechanization of Agriculture 

Dawn of a new age. In the eighteenth century, 75 to 95 per cent of 
the people in the United States were required to produce the nation^s 
food and fiber supply. In agriculture, the machine age dawned about 
1850. Earlier than that the appearance of machine power on farms was 
mentioned by the Commissioners of Patents, By 1862, steam power 
occupied much attention in reports of the first Commissioner of Agricul- 
ture. Agriculture’s animal-power era was cliaracterized by sharp de- 
creases in the percentage of population needed on farms. Once the 
machine got under way, population shifts were greatly accelerated. 
First the modern plow came into use, and later the binder. Firearms 
and barbed wire made settlement of the Great Plains possible. 

Agricultural colleges and experiment stations. In 1862, the Morrill 
Act made grants of public lands to establish land-grant colleges, which 
began to teach agriculture and the use of engineering and technology as 
applied to agricultural production. In 1887, the Hatch Experiment 
Station Act provided Federal aid for agricultural research in the United 
States. Animal power was in extensive use on farms in 1920^ but its 
maximum was attained in 1910. Although mechanical power began to 
be used even before 1862, it exerted small economic influence until 1910, 
and that influence became drastic only after 1920. 

The internal-combustion engine came into farm use as early as 1890 
and electricity as early as 1900, but what may properly be called modern 
agricultural technology did not get under way until after 1920. Between 
1919 and 1924, the nation’s cropland decreased by 13,000,000 acres — ^the 
first decrease ever recorded. It was accompanied by large decreases in 
both the number of farm animals used for power and in the farm popula- 
tion. Yet, although decreased in numbers, farm workers produced 6 
per cent more in tlae period from 1922 to 1926 than from 1917 to 1921, 
because production per worker increased 15 per cent. From 40 to 80 per 
cent of the cost of crop production is now attributed to power and labor. 

In the wake of the machine. Dilemmas and troubles have grown 
out of the use of new machines, improved plants, advanced processes, 
and better animals. Modem technology complicates production, living 
conditions, distribution, trade, emplo 3 rment, and prices. Difficulties arise 
from unequal responses to changes and innovations. In 1934, about 
30 per cent of all farmers did part-time work off tlieir farms to supple- 
ment their income. 
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Horses and mules in the United States numbered 21,431,000 in 1915 
and 10,616,000 in 1940. Mechanization has changed agriculture so 
swiftly and so surely that, between 1915 and 1940, the tractor, truck, and 
automobile eliminated the need for the labor of thousands of men. They 
also reduced horse and mule numbers by nearly one half in the last 25 
3"ears, thereby releasing probably 40,000,000 acres of cropland and as 
much more for pasture for meat and milk production. Consequently, 
vast regional shifts have occurred in crop and livestock production. 
Solved problems create new ones. Science learns more about the 
needs of soils; engineers perfect labor-saving machinery; new ways to 
preserv^e food are discovered in the laboratories; plant innovations; ways 
to control insects and diseases; new uses for farm products; more knowl- 
edge of breeding practices and marketing — these and countless other de- 
velopments bring higher productmty, better Imng for town and country 
people, improved nutrition and health, and the widening of markets 
But they also bring problems. No end is seen to these and simUar re- 
sults of science, genius, and accident. 

Technical progress has provided many farm commodities. It has given 
farmers equipment that can increase each worker’s output. Therefore, 
the machine may appear to be more important than the man. ForcK 
have been set in motion that affect all people. Technologj^ has initiated 
and is continuing a revolution in American agriculture. 

Agricultural technology defined. Technology is science, art, and in- 
vention. It is tractors, combines, com pickers. It is the testing and 
breeding of animals and the conquest of diseases. It is hybrid com, new 
kinds of wheat, soybeans, kudzu, and lespedeza. It is ways to feed f^m 
animals, plants, and men. It is road building and rural electrification. 
It is contour plowing, conserv^ation of soil, management of forests, pro* 
tection of wild life, irrigation, and flood control. It is marketing and 
distribution. It is a race between insect pests and ways to kill them 
Technology is in the workshop, laboratory, bam, grove, field, and home. 
It is a social and economic force that challenges thought and ability 
plan. Its many-sided nature combines the intricate influences of getting 
and spending, sa\ings and debts, employed leisure and unemployed relief- 
Technology’* may be a paradox. Scientists discover that the cross- 
breeding of two highly developed strains of com gives a productive and 
healthy hybrid. Within two short decades, hybrid seed com is used on 
24,000,000 acres ; the estimated increase in yield in that time is 100, 000, 
000 bushels. The force of change is still unspent. Not all the com can 
be used. Prices drop; farmers worry. 

The trend of technological changes. Looking forward from 19^^^ 
some of the technological developments mentioned seem reasonably cet' 
tain to lead to the following primary’* changes: 

A continued rapid increase in the adoption of tractors, especially the 
small general-pui^ose tractor with rubber tires; a further use of small 
combines, com pickers, and other harvesting and tillage equipment op' 
erated by 'tractors; a rapid extension of rural electrification, especially 
' ' »rt of the Rural Electrification Administration is continued, as 
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1940; a slow but constant improvement in the productive efficiency of 
livestock and progress in the correction of nutritional deficiencies and 
disease control; a tendency toward considerable increases in corn produc- 
tion as a result of further adoption of hybrid seed; some increase in wheat 
and oats production as a result of wider adoption of new disease-resistant 
varieties; greater acreages of soybeans for seed production, resulting 
partly from better seed-yielding varieties, partly from improved meth- 
ods of harvesting and from development of new industrial outlets; and 
the extension of flax and grain sorghums into new producing areas as a 
result of breeding cold-resistant and hardy varieties. 

Shifts toward more efficiency. Technology will probably continue 
the shift from small-grain and tilled crops to forage and pasture in the 
interest of soil conservation; expand the shift from low-yielding to high- 
yielding hays ; encourage the greater use of cover crops and other cultural 
and engineering conservation practices; lead to some increase in the pro- 
duction of corn and cotton as a result of greater use of cover crops in the 
South; expand the use of domestic wood pulp, and develop increased 
interest in forests and wood lots as sources of supplementary income for 
farmers; greatly increase the use of frozen packing of farm products; 
continue advances in the production of synthetic textile fibers; and widen 
outlets and uses of both edible and drying oils. It may develop starch 
production from sweet potatoes on a commercially important scale; and 
bring about some development of plastics and other industrial products 
from cellulose and protein, using mostly wood as the source of cellulose, 
and soybeans and casein as sources of protein. 

John Rust said, in December, 1940, that the Rust cotton picker, which 
he and his brother invented, would be produced in 1941 on a large scale 
in a new plant. At the same time, he announced the development of a 
“highly efficient” cotton cleaner that can be used in conjunction with the 
mechanical picker. 

Farming becomes a business. American agriculture in the present 
century has advanced far toward the status of a commercial business, 
employing science and machinery and the labor of more than 6,500,000 
farmers and their families to produce a gross farm income of over $9,000,- 
000,000 in 1937. The Mid-Westem Banker (November, 1940) contained 
an article on “Making Business on the Farm and Ranch a Gilt-Edged 
Investment.” Americans primary industry uses, not only many kinds of 
machinery to save time and labor, but credit, fertilizers, genetically im- 
proved plants and animals, and efficient practices to increase output per 
unit of land. 

Agriculture has achieved mass production of its principal commodities 
at decreased costs since 1900. Subsequent to the end of the First World 
War, which restricted foreign outlets for American farm-export products, 
the nation^s agricultural industry has been depressed by recurring sur- 
pluses of major farm crops. Agriculture in the Western Hemisphere, 
particularly in the United States, not only is producing troublesome sur- 
pluses but possesses and is continuing to develop surplus capacity. 
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Preludes to Organizations of Farmers 

Movements toward group action. A movement was started at the 
very beginning of the nation^s existence to organize a national agricultural 
society under Federal auspices. This was recommended by Adams in 
1776 and by Washington from 1789 onward. Out of a national conven- 
tion of agriculturists held in the District of Columbia June 24-25, 1852, 
grew the United States Agricultural Society. It was a forerunner of later 
farm organizations as a pressure group. Marshall P. Wilder became its 
president, serving 6 years. Membership in the society comprised leading 
farmers. Fillmore, Pierce, and Buchanan appeared at its meetings; and, 
in 1862, it numbered Lincoln and all five living Ex-Presidents, as well as 
many Congressmen, among its members. Charles B. Calvert, a member, 
was elected to Congress July 4, 1861. He was placed on the House Com- 
mittee on Agriculture, and worked persistentl}’ for the establishment of 
a Department of Agriculture. In 1859, an advisory board of agricul- 
turists met at the behest of the ‘House and requested the establishment of 
a Government department. On May 15, 1862, President Lincoln signed 
a bill bringing the United States Department of Agriculture into existence 
On February 9, 1889, the Department was raised to cabinet rank, and its 
supervising officer became the Secretary of Agriculture. 

At grips with hard times. At a meeting, in 1822, of the Philadelphia 
Society for Promoting Agriculture, a member asked: *^Why is it that 
Pennsylvania farmers have never yet foimd leisure to associate for the 
advancement of their ovm best interest?’' In 1791, the New York Society 
for the Advancement of Agriculture, Arts, and jManufacture was formed; 
and in 1792, the Massachusetts Society for the Promotion of Agriculture 
was established. None of these societies seems to have seriously inter- 
ested many practical farmers who farmed for a living. Addressing a 
session of the New Hampshire Board of Agriculture, in 1853, a speaker 
said that “the only reason why American farmers are without power is 
that they have never learned to act in concert.” 

American farmers were experiencing hard times in 1819 after the Na- 
poleonic wars, and again in 1837; but their most serious, widespread 
trouble developed after the Civil War. They faced transportation and 
credit troubles, the rise of railroads, grasshopper plagues, rapidly in- 
creasing urban industry, and the disastrous end of a cattle boom when the 
Great Plains were overstocked and drought set in. Kentucky’* farmers 
were among the first in the United States to organize on a large scale to 
defend themselves against real or imagined enemy interests Tobacco 
prices in Kentucky had dropped from 10 to 6 cents a pound in 1878; sharp 
declines in land values occurred; and a wave of farm-mortgage fore- 
closures climaxed their grievances. They had no constructive plan or 
program of their own. Fair to good times tended to grow shorter between 
hard times. Feeling their way toward association vdih fellow farmers 
in a common distress, they were eager to join together. 

Approximately 1,300 farm organizations at the time were local and 
social; they did not interest troubled farmers* Founded in 1867, the 
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National Grange grew slowly until 1873, when its membersliip began 
rapidly to increase. Solicited fanners were quick to join, hoping and 
believing that the organization could and would fight effectively and 
quickly to protect their interests. In 1875, the Grange had 850,000 
members; but by 1889, the number had dropped to 106,782. Fanners had 
no experienced leadership within their own ranlcs to represent them in 
legislative bodies and elscAvhere. 

Other producers lag behind farmers. In August, 1892, Professor 
Charles S. Walker of the Massachusetts College of Agriculture read a 
paper before the American Economic Association in which he said: 

The farmers' industry has increased the supply of agricultural prod- 
ucts beyond the demand, with the consequent fall of price. Here is 
revealed the efficient cause of his pecuniary condition. The trouble, 
however, is not that the supply is too great, but that the demand is 
too little. Other producers have not kept up mth the tiller of the soil. 

. . . The farmem' movement is the awakening of these sturdy citizens 
from engrossment in manual labor to a sense of their duty, first to 
themselves and then to society. The movement may be slow, it may do 
much apparent damage, but it is irresistible, and though it may change 
the looks of things, in the end its results will prove beneficial. 

Organizations of faimers are strong in their field of action, in useful- 
ness and m power. The movement is a widespread and powerful ad- 
vance along all educational lines. Fanners are a unit m demanding the 
best education in everything pertaining to the science and art of agri- 
culture, and to the knowledge and practice of manhood. The move- 
ment is progressive along the line of cooperation. In time, organized 
and educated fanners will master the difficulties of cooperation so far 
as It relates t'o agriculture. Organization, education and cooperation 
have led to political action within and without the old parties. From 
repeated failures fanners are learning how to take care of themselves 
politically They press and enforce their demands patiently and pci- 
sistently, meeting all attacks bravely, believing that wherein their 
claims may not be for the general good the conflict with the demands of 
others will modify and correct them. 

The Farmers' Alliance had started a movement in the 1870's which 
spread to the Avhole Midwest. In 1887, the Grand State Alliance of 
Texas joined with the Farmers' Union of Louisiana to form the National 
Farmers' Alliance and Cooperative Union of America. A year later, 
this organization amalgamated with the Agricultural Wheel of Arkansas, 
under the name of National Farmers' Alliance and Industrial Union. It 
sought to win over the labor element. By 1890, the organization had a 
membership of 2,000,000 farmers in 27 states; but the Alliance, as such, 
disintegrated. Its program, however, was carried forward by the Popu- 
list Party, which, at its convention in July, 1892, brought together and 
summarized the demands of organized agriculture. 

Following the panic beginning in 1893, there was a surplus of goods 
that could not be sold at a profit at home. 

A report on country life in 1908. President Theodore Roosevelt ap- 
pointed a Country Life Commission in 1908. It held 30 hearings through- 
out the United States, and, directly or by correspondence, sought informa- 
tion and aid from over 100,000 persons. Dr. L. H. Bailey of New York 
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accepted the chairmanship of the Commission; the other members were 
‘^Uncle Henrj'” TVallace of Iowa, grandfather of Vice-President Henry A. 
Wallace; Dr. Kenyon L. Butterfield of J^IassachusetLs; Waller H. Page, 
who became wartime Ambassador to Great Britain; and Gifford Pinchot, 
subsequently Governor of Pennsylvania. 

A new leadership in rural affairs, the Commission reported, must be 
reared, not in tov.-n, but in tlie countrj% Most of the new leaders must 
bo farmers who not onl)" can find a satisfying business career on the farm 
but can throw themselves into the scrv^icc of building up the community. 
Three principal recommendations by the Commission were: an inventor}' 
of rural resources, from the soil up; some way to unite all institutions, 
organizations, and individuals having any interest in rural life into one 
great campaign for rural progress; and the lliorough organization and 
nationalization of extension work through the colleges of agriculture. 

The philosophy of group action. Important decisions upon which 
action is taken are more and more those of bodies of men rather than oi 
single individuals. By virtue of its organization, the modem nation is 
able, to some c.xtcnt at least, to cope with social conflicts among individ- 
uals and groups within it. 

Leadership in the farming business believes tliat organization is a 
necessaiy' mechanism for use by fanners in their owm interest. Business 
and labor strengthened their respective interests by organizing in advance 
of farmers. Organization by labor and nonfarra industry encouraged, 
if it did not constrain, fanners to organize, in order to keep pace ^dtli 
the march of technological progress and its w*orld-wide implications. 
Farm leaders agree that organization on a state and national basis is 
necessary, not only in order to obtain Federal and state legislation in 
the interest of the agricultural industr}", but also to oppose legislation 
wliich they regard as detrimental or unfair to their industiy. Educa- 
tion and cooperation are repeatedly stressed as major purposes of Ihe 
national farm organizations, and thej" have steadfastly encouraged Ihe 
application of science and technology*' to the farming business. 

Outstanding farm organizations. Corresponding to labor unions and 
associations of businessmen and industrialists are three outstanding 
farm organizations in the United States. Of these, the oldest is the 
National Grange. It has 800,000 members — men and women, as well 
boys and girls 14 years of age or older — ^in 37 states having state Grang^^"* 
and in most of the other states and Alaska, in which there are local 
Granges. 

The Farmers’ Union represents more than 100,000 farm families in 
states, in 21 of which it is organized. It has locals in 12 other states, ana 
300,000 farmers are members of the organization’s cooperative associa- 
tions. A family becomes a member of the Farmers’ Union when the 
head of the family joins and pays his dues. 

Formally organized in Chicago, in 1920, the American Farm Burean 
Federation, youngest of the three national farm organizations, has 443,850 
members in 39 states. 

Begional and local interests with which farm people are in daily con- 
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tact tend to minimize in their minds the services offered by farm organi- 
zations that take a national view, which they seek to express in terms of 
a national policy and program for agriculture. National issues do not 
possess much vitality until they are defined and understood locally. 
Membership gains by the national farm organizations in recent years 
indicate a growing conviction that agriculture's problems are not only 
human and local but national and international as well. 


Asriculture After the First World War 

An historic agricultural conference in 1922. Economic conditions 
that began to identify themselves after the First World War grew from 
bad to worse, particularly for American farmers. President Warren G. 
Harding called an agricultural conference. Of the 336 delegates at the 
conference in Washington, January 22, 1922, 202 were fanners. The 
delegates represented 20 farm organizations. They included 15 women 
delegates; 60 delegates from agricultural colleges, state departments of 
agriculture, marketing agencies, and the farm press; and 62 delegates 
from business institutions allied with agriculture. Secretary of Agri- 
culture Henry C. Wallace called the conference to order. President 
Harding, addressing the delegates, said: 

Even in our times and under the most enlightened establishments, 
the soil has continued to enjoy less liberal institutions for its encourage- 
ment and promotion than most other forms of industry. ... A score 
or more of manufacturers consolidate their interests under a corporate 
orgamzation, and attain a great increase of their power in the markets, 
whether they are buying or selling The farmer, from the very mode of 
his life, has been stopped from these effective combinations; therefore, 
because he buys and sells as an individual, it is his fate to buy in the 
dearest and sell in the cheapest market. 

Out of this conference came 37 legislative recommendations, one of 
which directed Congress and the President to ^Take steps immediately to 
establish fair exchange value for all farm products with that of other 
commodities.” (In 1933, Congress was to translate the idea of ''fair 
exchange value” into law.) 

Congress authorizes farmer associations. Another Congressional act 
that resulted from the agricultural conference of January 22, 1922, was 
foreshadowed in an address made on that occasion by G. Harold Powell, 
general manager of the California Fruit Growers’ Exchange, He spoke 
on "The Fundamentals of Cooperative Marketing,” saying: 

Farmers should have the legal right to orgamze. To deny such legal 
recognition by the State and Federal Governments will not help to meet 
the fundamental necessities of organized cooperation among fanners 
and will lead to endless conflict and confusion. 

On February 18, 1922, the Capper-Volstead Act, approved by the 
President, authorized association of producers of agricultural products. 
Section 2 of the act describes how the Secretary of Agriculture shall deal 
with any association set up under the act that monopolizes or restrains 
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trade “to nn extent that the price of any agricultural product is unduly 
enhanced by reason thereof/^ During tlic 1939-1940 marketing season, 
10,700 marketing and purchasing cooperative^ in the United Stxitcs, ^viih 
a total mcmbei\'hip of 3500,000, transuded business ainoimting to 
$2,870,000,000, according to the Farm Credit Administration, Coopera- 
tives handling dair}* products led in dollar business done, followed by 
grain cooperatives, with about halt as much dollar business transacted. 
Responses to pressure groups. In all instances, the types of sendee 
instituted by the Government down to the pre^^ent time have been in 
response to insistent demands by various groups. Pressure groups and 
the ideas and leaderslup of notable pcrson«^ arc the laboratories of lay- 
men. All pressures, however, are sifted and weighed h}’’ many minds 
before they can take statutoiy form and go into action. In a democracy, 
ideas must be discussed and debated, and the public accustomed to them 
before they can be put to social use. A democracy docs not establish in- 
stitutions and force them upon people. Pres^surc groups arouse discus- 
sion and direct attention. 

Continuity of Government farm policy. A remarkable degree of 
continuit}" marks the entire histor>' of the Department of Agriculture, 
in which the new has always grown out of the old. Furthermore, a con- 
tinuous thread runs through the evolution of agriculture's efforts to 
develop and progressively improve a national policy and program in the 
interest of fanners and the general welfare. 

Secretary- of Agriculture David F. Houston said, in his 1913 report, 
that “further production waits on better distribution.’^ Secretary' Henr}’ 
C. Wallace, in his 1923 report, held that the nation’s wheat acreage should 
be reduced and diversified farming instituted. Canadian, Argentinian, 
and Australian wheat, cheaply produced on rich, new land, was com- 
peting effcctiveh' with United States wheat in foreign markets. Sur- 
pluses of important farm crops were increasing; they were the foremost 
troubles of Secretary of Agriculture AY. Jardinc (1925 to 1929) and of 
his successor, A. YI. Hyde (1929 to 1933). American exports exceeded 
American imports in the years 1924 to 1928 by an average of $052,000,- 
000 annually, but that sum was nearly balanced by the outflow of capital 
from tlie United States. America was financing its ovm exports with 
loans, most of which have not been repaid. 

Land-use planning proposed. Secretary’' Hyde called a land-utiliza- 
tion conference, which was held in Chicago, in ICovember, 1931. Two 
national committees were set up; they were largely serviced through the 
personnel of the Dmsion of Land Economics, then in the Department 
of Agriculture. Releases, issued under the sponsorship of the committees, 
reiterated the propositions that land is vested with a social and public 
interest, that widespread social and economic maladjustments in the use 
of land can be corrected only by Governmental policies based on social 
planning, and that each acre has a socially best use wduch must be dis- 
covered through the process of land planning. 

Land inflation and deflation. After about 1914, Ylidwestem farm 
real estate in particular rose to borrowing and selling valuations tliat 



THE AGRICULTURAL INDUSTRY 


29 


could not be sustained by its productive capacity under normal economic 
conditions* Near the beginning of and during the First World War, farm 
real estate in the foremost farming regions underwent inflation. Its 
owners could sell or borrow on it at valuations that had risen from, say, 
$100 an acre to $300 an acre or more in many localities. Psychologically, 
these ovmers had greatly increased their wealth, and debts w*ere con- 
tracted and obligations assumed by thousands of farmers who were 
seriously affected, if not financially ruined, by the postwar deflation. 

Nine years after the agricultural conference called by President Hard- 
ing in 1922, the Department of Commerce reported that the farmer was 
receiving prices but little higher than before the War, while his taxes had 
increased two and a half times, machinery cost him twice as much and 
building materials two thirds as much again, and wages were two thirds 
higher than prewar levels. 

President Hoover’s Farm* Board, To provide agriculture with a 
mechanism, like that of other industries, for the orderly production and 
marketing of farm products was the principal objective of the Agricultural 
Marketing Act of 1929 It sought to unify the processes of agricultural 
marketing with the support of loans. A $500,000,000 revolving fund was 
made available to a Federal Farm Board consisting of nine members, the 
Secretary of Agriculture being an ex officio member. 

At the outset, the Board viewed its chief function as the fostering of 
cooperative marketing associations. But drastic declines of agricultural 
prices developed in the latter part of 1929, with the result that the Board, 
changing its policy, concerned itself increasingly with stabilizing prices of 
major farm products. It began making loans to cooperatives to enable 
them to hold commodities in storage until the market improved. Stabil- 
ization corporations, set up for wheat and cotton, took over most of the 
supplies of these products that had been held by the cooperatives. Addi- 
tional stocks were accumulated by direct purchase in the market. Opera- 
tions of the corporations resulted in hea^’y losses to the Board, which 
began to insist that gains in withholding supplies from the market could 
be realized only if production were held in line with actual market demand 
at home and abroad. 

Major Farm Legislation After 1932 

Handicaps of the industry. Agriculture’s recurring difficulties and 
crises result chiefly from the fact that it is out of adjustment to its 
climatic, domestic, and international environment. At the crest of the 
business cycle in 1929, farm products could be exchanged, on the average, 
for only 91 per cent as much of other products as in tlie prewar period. 
During the depression, this disparity was greatly increased. By Febru- 
ary, 1933, the exchange value of farm products for industrial goods had 
fallen to 50 per cent of the prewar average, and their exchange value for 
taxes and credit was even less. 

Agriculture’s primary handicaps after the First World War were re- 
peatedly stated by Henry A. Wallace when he was Secretary of Agricul- 
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ture. They are : Wartime crop expansion through plowing up 40,000;0M 
additional acres in response to the nationalized slogan that “food will win 
the war^^; the abrupt change of the nation from a debtor to a creditor 
status; the displacement of the horse and mule by automobile, motor 
truck, and tractor, which released 35,000,000 acres from producing grain, 
hay, and pasture for animal power; the movement of European countries 
to be agriculturally self-sufficient; new competition from Argentina and 
Australia in America's export trade; the increase in industrial tariffs, re- 
sulting in retaliatory action by other nations to shut out American farm 
products ; the growth of corporate monopoly and price-fixing, which made 
farmers take what was offered for their products but pay what was asked 
for their purchases. To all these handicaps that Mr. Wallace faced on 
assuming office may be added such long-time abuses as forest destruction, 
soil erosion, and inattention to water resources. 

What happened thereafter was an effort by the Department of Agricul- 
ture to respond to the washes of the public democratically registered 
through Congressional enactment. The Department itself could neither 
plan nor carry out plans; it had to have authority and it could do only, as 
throughout its history, what Congress directed it to do. 

Farmers were powerfully represented by their national organizations in 
Washington in 1933. Laws were passed to promote winter conservation, 
reforestation, rehabilitation of underprivileged rural people, surplus- 
commodity disposal, public acquisition and development of land sub- 
marginal for agriculture, rationalized farm-credit facilities, development 
of rural electrification facilities, crop insurance, marketing agreements, 
tenancy reform, and research to find new uses for agricultural by-products 
and for crops subject to periodic surpluses. 

Agricultural Adjustment Act. National farm-organization leader- 
ship supported the legislation known as the Agricultural Adjustment 
Act, wffiich was approved by the President on May 12, 1933. Congress 
sought in this act to reestablish prices to farmers at a level that w’ould 
give agricultural commodities a purchasing power, with respect to articles 
that farmers buy, equivalent to the purchasing power of agricultural 
commodities in a base period which the act defined. Such purchasing 
power, how^ever, did not necessarily impl^^ that prices of farm products, in 
dollars, would be the same as they w'ere before the War. It meant that 
farmers selling the same volume of farm goods would be able to buy, with 
their returns, the same volume of manufactured goods that they were able 
to buy in the base period. 

Basic farm products. “Basic agricultural commodities'' named in the 
act were: wffieat, cotton, field corn, hogs, rice, tobacco, and milk and its 
products. For all of these, except tobacco, the base period was August, 
1909, to July, 1914; for tobacco, it was August, 1919, to July, 1929.^ < 

Agricultural leaders were and are mostly agreed that one of the best 

' Two Department of Agnculture economists pointed out, in 1939, that, '"m an age 
of incrcasmg technology and dwindling foreign demand, probably any base period 
for parity prices between 1910 and 1930 would likely give unattainable price staud- 
ards- 
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periods in the industry’s history was from 1897 to the First World War — 
1914. Commodity prices were rising. In exchange value, basic agricul- 
tural and nonagricultural commodities were in approximate balance. 
Farming had emerged finally as a comparatively stable business. Land 
values were gradually advancing. An improved physical plant was in 
operation. Tenure and debt conditions were fairly tolerable. Agricul- 
ture’s voice in national affairs was beginning to be audible. A corner- 
stone of the industry was the production of an exportable surplus.^ 

Under the Agricultural Adjustment Act of 1933, processing taxes were 
authorized on six of the seven '^basic commodities” to obtain revenue for 
extraordinaiy expenses incurred by reason of the national economic 
emergency. No processing taxes were ever levied on ”milk and its 
products” for the reason that dairy farmers were unable to agree on a 
commodity program or plan under the act. 

A Supreme Court decision. Processing-tax and production-control 
provisions of the act were invalidated by the Supreme Court on January 
6, 1936, when the majority of the Court handed down its decision in the 
Hoosac Mills case. In that year, farm leaders and Congress evolved the 
Soil Conservation and Domestic Allotment Act, which continued pro- 
visions of the Soil Erosion Act of 1935. This act provided, however, for 
more extensive use of soil-conserving and soil-building crops and practices 
on land taken out of soil-depleting crops that had been gvovm in surplus. 
Farmers who took part in the national farm program set up \mder this 
legislation received adjustment and other payments from funds annually 
appropriated by Congress. 

Following the invalidation of the 1933 act, the Soil Conservation and 
Domestic Allotment Act, based on voluntary soil conservation, was ap- 
proved on February 29, 1936. 

Soil conservation and domestic allotment. Cooperating through the 
national farm program, set up under the Agricultural Adjustment Act of 
1938, farmers operate their farms in such a manner as to conserve soil, 
improve farm income, and protect consumers through fair prices by 
stabilizing supplies of farm products at levels adequate for domestic, 
export, and reserve requirements. 

To conserve the soil, farmers earn payments for planting a larger pari 
of their acreage formerly in soil-depleting to soil-conserving crops, and foi 
carrying out soil-building practices. Soil-depleting crops include the 
three great staples of corn, wheat, and cotton, and certain other crops. 
Soil-conserving crops are grasses and legumes. Soil-building practices 
include such measures as the seeding of legumes, the application of lime 
and phosphate, the planting of trees, and the construction of dams and 
terraces to control water runoff. 

In the interests of consumers, the farm legislation provides that farm 
production of food and fiber will be maintained at adequate levels. 

The program aims to increase farm income by providing farmers with 
a means of stabilizing market supplies and prices of their products 

* Farmers paid a total tax bill of only $624,000,000 in 1913; in 1921, they paid 
$1,497, 000^000 
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through acreage allotments, marketing quotas, loans, and crop insumnee. 

The Ever-Normal Granary, made possible through the loan and insur- 
ance programs, provides for the storage of farm products in years of 
abundance for use in years of scarcity. 

Other activities authorized. Strengthened by the act of 1938, the 
farm program includes conservation pajmients to producers who plant 
within their acreage allotments of soil-depicting crops and carry out soil- 
building practices; parity or price-adjustment payments (when funds are 
appropriated) to producers of corn, wheat, cotton, tobacco, and rice who 
plant within their allotments; commodity loans to support farm prices 
and store reserves; marketing control of surpluses when approved by two 
thirds of the producers voting; and Ecderal crop insurance on wheat. 

Activities authorized under the act of 1938 and related legislation but 
administered by other agencies of the Department of Agriculture include: 
freight-rate investigation and study, purchases of farm surpluses for relief 
distribution, market expansion through research on new uses for farm 
products, and the allocation of funds to help maintain a fair share of the 
foreign market for American farm products. 

Operation of the farm program. Operation of the AAA farm program 
centers around the county agricultural-conseiwation association, a local 
administrative unit of the Agricultural Adjustment Administration. All 
farmers who cooperate in the program are members of their county asso- 
ciation and pay its operating expenses out of their AAA payments. 
Members carry on the business of their association through elected com- 
mittees — one for each community and one for the county. 

The community committee, composed of three farmers elected annually 
by their neighbor farmers, bears the responsibility for explaining the pro- 
gram in terms of its application to individual farms. Approximately 
73,000 community committeemen throughout the country work an average 
of about 11 days each year in administering the program in their com- 
munities or towmships. 

Farmers serve on county committees. Delegates elected from all 
communities in the county choose three farmers to serve as the county 
committee. The coimty agricultural agent serves either as secretary or 
as an ex ofBicio member of the coimty committee. This committee dis- 
tributes county acreage allotments equitably among farms in the county; 
approves the soil-building practices for which farmers may earn pay- 
ments; and, in general, adapts the national program to local conditions. 
Approximately 9,000 county committeemen do AAA work on an average 
of approximately 65 days each year. 

Linking the work of all county associations in each state are state agri- 
cultural-consen^ation committees. The state committee is composed of 
three to five farmer members, appointed by the Secretary of Agriculture 
on the basis of local recommendation, and the director of the State Agri- 
cultural Extension Service. Aside from being on a state-wide basis, the 
duties of the state committee follow much the same pattern as those of the 
county committees. 



THE AGRICULTURAL INDUSTRY 


33 


Administration on a regional basis. In Washington, D. C., the ad- 
ministration of the program is handled on a regional basis, with a director 
for each of the Western, Southern, North-Central, East-Central, North- 
east, and Insular Regions. The Sugar Division administers the Sugar 
Act of 1937 for all domestic sugar-producing areas, Continental and 
insular. The Division of Information serves all regions. The Washing- 
ton office supplies to famers from various Government sources the tech- 
nical aid and information necessary to operate the program; advises with 
the Secrctaiy in establishing national acreage allotments and goals; and 
coordinates suggestions made by farmers, through their committeemen, 
to improve the program-operating procedure. 

Through fanner administration, the program serves as a channel 
through which flow the demands, experience, and knowledge of farmers, 
making the program constantly more effective. 

Financing the farm program. Soil conservation costs money; it can- 
not be done by farmers who are continually receiving less than a fair share 
of the national income. The farm program helps farmers to conserve the 
nation’s soil resources and attempts to bridge the gap — until parity of 
farm income is reached — between the amount farmers receive for their 
products and the amount they pay for the products they buy. Parity 
income for agriculture, as defined by law, is that net income from farming 
operations per person living on farms which bears the same relation to the 
income per person not living on farms as prevailed in the 5 years before 
the First World War. 

From 1933 to 1935, the program was financed from taxes on the process- 
ing of major farm commodities. Since 1936, when the Supreme Court 
invalidated processing taxes, the program has been financed by appropria- 
tions from the Treasury. Payments to sugar-cane and sugar-beet pro- 
ducers, however, are offset by collections of an excise tax on refined sugar. 

Latest annual report on farming activities. In its report on activities 
from July 1, 1939, to June 30, 1940, the Agricultural Adjustment Adminis- 
tration states that 5,756,000 farmers cooperated in the program in 1939 
and that, at the end of the fiscal year, more than 6,000,000 were enrolled 
' in the 1940 program. Participation represented a gain of 10 per cent over 
' the number participating in 1938 and 58 per cent over the number par- 
ticipating in 1937. The cropland on participating farms in 1939 repre- 
sented 78 per cent of all cropland in the United States. Operators in- 
; eluded more than 48,000 ranchers in 17 Western states who took part in 
. the range-conservation program in 1939. They operated more than 213,- 
' 000,000 acres of range land. 

Soil-building practices in 1939, according to the report, were adapted to 
i the needs of states and localities in a manner that made definite assistance 
available to farmers in carrying out the conservation measures most 
' needed on their land. Varying by local areas, emphasis was placed on 
grasses and legumes, permanent pastures, green manure and cover crops, 

; forest-tree practices, lime applications, superphosphate application in 
i connection with soil-conserving crops, and erosion-control and water-con- 
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servation practices* The restoration of permanent vegetative cover to 
farm land was a special phase of the program applicable to wind-erosion 
areas in ten states. 

Soil building reviewed. Achievements of farmers in carrying out the 
principal soil-building practices under the 1939 program, as listed in the 
report, included: 

(1) 41,429,000 acres of new plantings of grasses and legumes and 
permanent pasture mixtures. 

(2) 25,934,000 acres of green manure and cover-crop plantings. 

(3) 352,000 acres of forest-tree practices, including plantings, main- 
taining and improving stands, nongrazing of wood lots, and, in tlie North- 
eastern states, rehabilitation of hurricane-damaged woodland. 

(4) Natural reseeding of pastures by deferred grazing on 3,470,000 
acres and use of 19,241,000 pounds of seeds in artificial reseeding of 
pastures. 

(5) 25,960,000 acres protected by such erosion-control and water-con- 
servation practices as protected summer fallow, strip cropping, and con- 
tour-farming methods. 

(6) Construction of 355,000,000 feet of terraces for erosion control. 

(7) Application to the soil of 5,792,000 tons of lime and 637,000 tons of 
superphosphate. 

Farmers participating in the 1939 program earned conser\»'ation pay- 
ments, including range-conservation payments, totaling $497,311,000, 
from which small deductions were made for county-association expenses; 
and price-adjustment payments on corn, wheat, cotton, and rice totaling 
$211,742,000. Thus a combined total of $709,053,000 in payments, ex- 
clusive of other income gained resulting from the program, was added to 
the cash income of the nation’s farmers for their 1939 adjustment and 
conserv-ation efforts. Farm buying power in 1939, the report adds, was 72 
per cent larger than in 1932 and was equal to that of 1929. 

Treasury appropriations. Payments to farmers under the program 
from 1933 through 1940 (by program years) are given in Table I. 

A Program for Range Conservation 

Grasslands a national resource. Western range land consists of 
deserts and plains, mountains and plateaus, and scraidesert areas with 
vallej’s and tablelands. Grazing on the Western range, once independent 
and almost wholly pastoral, is now an integral part of Western agricul- 
ture. As a whole, the capacity of the range for livestock production is 52 
per cent less now than it was in virgin condition. Wliere once 2 acres 
sufficed to graze a cow for a month, now nearly 4 acres are required. 
Ilardy short grasses have in varying degrees given way to weeds and 
shrubs of lower value. 

On the public range, cattle and sheep grazing was a big business 5o 
^ hands before the plows and barbed wire of homesteaders were seen 
range country. Gradually cattle and sheep, as well as horses, in- 
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Table I 


GOVERNMENT PAYMENTS TO FARMERS UNDER 
THE CONSERVATION PROGRAM 


Year 

Conservation Activities 

Amount Paid Out 
in Dollars 

1933 

Rental and benefit ... . 

Cotton option and pool 

5208,424,000 

68,466,000 

1934 

Rental and benefit. . . 

636,623,000 

1935 

Rental and benefit 

466,988,000 


Cotton-price adjustment 

39,771,000 

1936 

Agricultural conservation i 

Rental and benefit 

369,218,000 

45,750,000 

1937 

Agricultural conservation 

Cotton-price adjustment 

Sugar . 

301,514,000 
! 122,077,000 

30,199,000 

1938 

Agricultural conservation. ... 

Sugar 

451,309,000 

45,167,000 

1939 

Agricultural conservation 

Price adjustment . . ... 

Sugar (partly estimated) , 

510.268.000 

211.124.000 
46,920,000 

1940* 

Agricultural conservation ... ... 

Price adjustment 

Sugar 

451.509.000 

203.018.000 
47,012,000 


« Estimated as of January, 1941. 


creased, until the public land was overstocked. In 1935, the range was 
carrying about 50 per cent more cattle than could be grazed on it without 
destructive results. No regulation was attempted until 1905, and then it 
was too late to be effective. About 25 years ago, ranchmen who were 
overstocked sold thousands of horses at cent a pound. Buyers sold car- 
loads of these horses to Midwestern processors, who exported horse meat 
and made dog food. 

Nearly 30,000,000 of the nation's 68,769,000 cattle, about 40,000,000 of 
its 54,473,000 sheep, practically all of its 4,032,000 mohair goats, and more 
than 4,000,000 of its 10,616,000 horses were on ranches and farms in 17 
Western states in 1940. Approximately 75 per cent of the national out- 
put of wool and mohair, and, in pounds, about 55 per cent of the sheep and 
lambs, and nearly one third of the cattle and calves are produced on the 
range. Comprising about 728 million acres, or about 119 million acres 
less than it was 100 years ago, the range is still nearly 40 per cent of the 
total land area of the United States. One third of the 728 million acres 
is Federal range, which is divided among national forests, grazing dis- 
tricts, public domain, and other withdrawals and reservations. Stock 
raising and grazing and animal-fiber production on private and public 
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range lands are one of the outstanding sources of the agricultural indus- 
trj’^s annual income. 

The Taylor Grazing Act. Until the passage of the Taylor Grazing 
Act, in 1933, the remaining public domain of about 165,000,000 acres was 
a grazing common. Anyone was free to use it without restrictions, except 
those imposed by customary rights more or less supported by public 
opinion, legislation, and the courts. Since the public domain was widely 
interspersed with privately owned and state-owmed land, and since Fed- 
eral statutes prohibited fencing Federal land, the greater part of the area 
was unfenced. Inevitable consequences "were a continual scramble to get 
as much grass as possible, serious impairment of range resources, deterio- 
ration of herds and flocks, and intensified financial instability due to the 
lack of provision of feed reserv'es for unusually dry years. 

Effects of excessive grazing. Grazing capacity of the range has been 
cut doum gradually by droughts, overgrazing, rodents, insects, and the 
encroachment of range-destroying plants — all of which increase soil ero- 
sion by wind and water. If the ^'plow that broke the plains’^ has a 
counterpart, it is the cow that broke the range, and the effects are much 
the same. Short-season annual grain crops replaced the native short- 
grass cover in the wake of the sod-breaker on the Great Plains. T\dien 
the perennial grass and shrub cover of the range was destro^^ed, short- 
season annual weeds followed — such as downy chess, Russian thistle, 
peppergrass, or stickseed. In both cases, soil formation, soil binding, and 
watershed protection have been sacrificed for a short-season annual crop 
Recovery of a normal range vegetation is a matter of years at best, and 
possibly several centmies in areas where the surface soil is lost. 
coverj’^ from an early stage of overuse may require only a year or two oi 
adequately restricted grazing to permit the perennial grasses to regain 
vigor. 

Grassland development in the South. Cattle raising on grass, forage 
crops, and hay is a slowly expanding industry in the eight South Atlantic 
states, which have 4,778,000 heads of cattle. Georgia, Virginia, and 
Florida together have 2,723,000 head. County agricultural agents in 
every Southern state are advocating permanent improved pastures. Not 
only is the actual amount of forage much less in woodlands than in open 
pastures, but the feeding value of forage plants growm imder forest shade 
is much less than that of plants grovm in full sunlight. A good open 
pasture supports ten times as many cattle as the same acreage of wood- 
land pasture, but the ratio depends largely on the density of the woods 
Range feed shortage. Droughts and a consequent shortage of feed in 
1934 caught the range livestock industry overstocked. Totals of cattle 
and sheep on American ranches and farms, in that year, w^ere more than 
in any of the previous 13 years. The Agricultural Adjustment Act was 
amended, declaring cattle to be a “basic commodity,'' and an appropria- 
tion of §200,000,000 was made for a surplus-reduction program. No pro- 
vision was made for a processing tax. An additional $50,000,000 was 
used to finance relief purchases of dairy and beef products, and the re- 
moval of di«?eased cattle. 
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In order avert the starvation of cattle, sheep, and goats, and to con- 
serve llic stricken and overstocked range as mucli as possible, the Govern- 
ment made feed loans available to stockjnen. It also bought 8,280,148 
cattle, for vdiich it paid the owners $111,546,104; and 3,609,654 sheep, for 
whkh the owners received $7,219,308. Over 350,000 goats also were pur- 
chased. About 100,000 animals were turned over by grant to Indian 
reservations, and about 51,000 were used in rural rehabilitation projects. 
Meat from these animals tlmt were processed was distributed to families 
on relief; but cattle numbering 1,485,704, as well as 2,209,638 sheep and 
254,731 goats, were condemned as unfit for human consumption because 
of their emaciated condition, owing to starvation and thirst. 

Range-land research. Research in wliich Federal and state agencies 
are cooperating is essential to the improvement and conservation of range 
resources. The key to the maintenance of the range, with its direct and 
indirect social and economic benefits, is the restoration and correct use of 
forage and the soil on which it grows. 

Results of experiments in rangc-forage utilization were reported at a 
Grassland Conference in Texas, in 1940. Comparing income from two 
range areas of the same size, the first slocked with 1,400 cattle and the 
other with 1,900 head, the average income over 22 years was $6,000 more 
per year m favor of the area stocked with 1,400 head. 

Range-conservation work under the range program of the Soil Con- 
servation and Domestic Allotment Act relates directly to privately owned 
range lands and to those state and county lands under direct control of 
jirivate owners National-forest and grazing-district programs apply 
primarily to range lands in public ownership, but both aim to coordinate 
the use of these public lands which the management and use of range land 
held in private ownership. 

• Range improvement summarized. Under the range-conservation 
program instituted in 1936, tvater development for livestock has been in- 
creased, and range-improvement practices have been adopted and con- 
tinued on a high percentage of Western ranches. More than M8, 000 
ranchmen, operating 213,000,000 acres of range land, participated in the 
program in 1939. They improved the stand of grass on about 25,000,000 
aci’cs, built nearly 21,000 tanks and reservoirs to control erosion and pro- 
vide stock water, and constructed 8,000,000 feet of spreader terraces 
Texas ranchmen, represented in this summary, constructed 5,240 miles of 
fire guard in 1937, 1938, and 1939. As in previous years, the purpose of 
the 1941 range program is to conserve range soil to use but not abuse its 
vegetation. 

Ranches vary in size from small acreages to hundreds of tliousands of 
acres. In the last 20 years, the general trend has been tow^ard larger 
ranches. Experience has tended to indicate the most economical size of 
ranch units in different regions. 

The Farm Security Administration 

Program of the Farm Security Administration. Successor to the Re- 
settlement Administration, the Farm Security Administration w^as created 
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to help needy farm families become self-supporting. By June 30, 1940, 
after 5 years of operation, its program of helping low-income farmer? 
achieve a greater degree of independence and security Imd readied 1,440,- 
000 farm families. The major activity of this action agency in the De- 
partment of Agriculture is the rehabilitation of n(‘cdy farm families 
through small loans, accompanied by guidance in pound fanning methods 
to insure the best possible U'-e of money so loaned. Under tlii? program, 
almost $500,000,000 had been loaned to approximately 875,000 families by 
the end of 1940. Loans are made only to farmeis wlio Ciinnot get ade- 
quate credit elsewhere; the money is tiscd to buy seed, tooh, livestock, and 
other equipment necessary to carry on farming operations. Each bor- 
rower agrees to keep bubincsslike records and to follow a sound farm and 
home-management plan, which he works out wdth his county supervisor, 
who follows up with advice on farm pioblcm^. 

Grants to distressed families. In oases of extreme distress, especially 
in drought or flood areas small grants arc made for the purchase of food, 
fuel, and other urgent necessities. In leturn, the families agree to per- 
form some improvement work around the farm or home, usually in the 
form of sanitation w^ork. 

For fanners overburdened with debt, the agency acts ns an inter- 
mcdiaiy' in organizing a local committee of businessmen and farmers, and 
in bringing the farmer and his creditors together in a friendly atrao^^phere 
to discuss their mutual problem^. Often it is possible to reach an agree- 
ment for extending the time of payment, reducing inleicst rates, scaling 
dowm the debt, or refinancing part of it through a Farm Security Adminis- 
tration loan. Through this seiwuce, 139,436 fanners have had their debts 
reduced by $97,404,007. 

Under the rehabilitation program, land-leasing arrangements arc being 
changed from the old l-year verbal leases to w'ritten, long-term or renew^- 
able contracts, with agreements that wdll encourage a tenant to protect the 
soil and improve the property. The Farm Security Administration is 
also cooperating wdth other agencies in the development of a w’atcr-facili- 
ties program for the benefit of low-income farm families in arid areas of 
the 'Western states. 

Number of families benefited. Progress made hy rehabilitation bor- 
row^ers is showm in a surv’ey taken at the end of the 1939 crop year. 
Covering 360,000 families, the study disclosed that, since participating in 
the program, these families had increased their annual income $58,000,- 
000, or 43 per cent; they had increased their net w^orth $83,000,000, or 26 
per cent; and they were raising $35,000,000 more w^orth of foodstuffs for 
home use. 

Development of homestead projects. The agency is managing 164 
homestead projects, practically all of wbich were started by the Resettle- 
ment Administration and other prior agencies. When completed, they 
will provide accommodations for almost 14,000 families. These projects 
are closely related to the agency’s main function of rehabilitation, their 
primary purpose being to give needy farm families a chance for greater 
security and stability. Some of the projects consist of scattered farms; 
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others are community projects with farms grouped closely together in the 
same area. 

Migrant camps for labor. With migratory labor camps, the Farm Se- 
curity Administration is providing a minimum of shelter and sanitary 
facilities for some of the families forced to follow seasonal farm work. 
More than 10,000 families at any one time, or between 30,000 and 40,000 
families a year, can be accommodated in the 37 permanent camps and 16 
mobile camps. 

Tenant-purchase program in action. Under the tenant-loan program, 
authorized by the Bankhead-Jones Farm Tenant Act, of 1937, the Farm 
Security Administration makes a limited number of loans each year to 
tenants, sharecroppers, and farm laborers to buy farms of their own in 
counties where tenancy is most widespread or is growing rapidly. Loans 
are large enough to enable the borrower to buy a farm and, if necessary, 
to repair the buildings or put up new ones. By the middle of 1941, more 
than 20,000 such loans will have been made during the 4 years the pro- 
gram has been in operation. 

Housing, cooperatives, and medical care. In completing homestead 
projects and in carrying out the tenant-purchase program, the agency has 
developed low-cost methods in the construction of rural housing which 
have set new standards in that field. Good four- and five-room houses 
are built for as little as $1,000 to $1,500 in the South, and for $2,500 in the 
North. 

Under a community- and cooperative-service program, the Farm Se- 
curity Administration makes loans to groups of its rehabilitation bor- 
rowers for the joint purchase of equipment and services that thej^ cannot 
afford individually. More than 16,000 of these small cooperatives have 
already been formed. Larger cooperative loans have been made to 122 
associations or groups, and there has also been considerable cooperative 
development on the homestead projects. Loans have been made to 33 
land-rental cooperative associations, which ‘are formed by farm tenants 
for the purpose of leasing plantations and then subleasing individual units 
to members of the group. 

In order to safeguard and improve the health of its borrowers, the Farm 
Security Administration has worked in close cooperation with state and 
local medical associations to develop a program of group medical care. 
Under this program, approximately 90,000 families, or 450,000 persons, 
are now receiving medical care at a small monthly cost they can afford to 
pay. 


Lisht and Power in Rural America 

Developments since 1934. Electric-power lines have spread rapidly 
through rural America since tlie establishment of the Rural Electrification 
Administration, on May 11, 1935. Changes resulting from this new* light 
and power in rural life and culture cannot yet be fully visualized. By the 
close of the fiscal year 1940, there were 1,128,040 electrified farms in the 
United States, an increase of 151.6 per cent over the 743,954 reported by 
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the Edison Electric Institute as of December 31, 1934. More than half of 
these newly electrified farms were connected to lines financed by the 
REA; the rest were served by private utilities, which had been stimulated 
to actmty by the gro\si;h of the REA program. 

Electrification under the program enables rural people to obtain cen- 
tral-station service by means of self-liquidating loans, most of which have 
been made to farmers’ cooperatives, public-power districts, and other non- 
profit organizations. Nonprofit service organizations, together with 
economies made possible partly by taking full advantage of the new high- 
strength conductors and partly by mass operations, make service feasible 
in areas too thinly populated to form attractive fields for utility corpora- 
tions organized for profit. J^Iost of the REA systems buy energ}" at 
wholesale from an existing source, usually a private power company. A 
few of them, lacking an adequate source of wholesale power or unable to 
obtain it at favorable rates, operate their onm, REA-financed generating 
plants. 

Electricity to pay its own way. From the outset, the REA has empha- 
sized productive uses whereby farmers can make electricity pay its ovra 
way and often yield a profit. Its efforts in this direction have become 
more effective as a result of President Franklin D. Roosevelt’s Bo** 
organization Plan No. 2, which, on July 1, 1939, made the agency an 
integral part of the Department of Agriculture. Farm people are learn- 
ing such of the 300-odd uses of electricity on the farm as promise to be 
useful and economical under the individual conditions prevailing. Elec- 
trical industries are therefore finding a broad nndjapidly expanding rural 
market for many of their products. 

ileanwhilc, the REA program shows promise of stabilizing agricultural 
communities by making possible the development of small, local indus- 
tries. As new cooperative power lines spread out, the REA receives 
reports of the establishment of small shops and factories along them, 
^lany of these small enterprises process local raw materials. Examples 
arc box factories, woodworking plants, quick-freezing and cold-storage 
locker plants, canneries, cotton gins, and grain elevators. Others arc 
producing materials vital to national defense. Examples are a carburetor 
factory^ machine shops, cinnabar and coal mines, and oil jmmps. All of 
them arc furnishing full- or part-time employment to local people. 

Social effects may be far-reaching. It is too early to assess the ulti- 
mate >igniGcance of the trend toward decentralization which the avail- 
ability of electric power in rural areas is facilitating. Conceivably, the 
effects nr^y be far-reaching; they may retard the population movement 
from rural to urban areas by offering opportunities of employment 
their own communities to boys and girls who cannot economically be 
.absorbed by the farm. It is possible to foresee a closer approach to parity 
of niml and urban income and living standards as a re-ult, accompanied 
by marked amelioration of both urban and rural slum oondilion«. 
marginal area>, increa'^od cash income, as a result of part-lime indir^rriri 
employ monl, offers 11 \e possibility of more widespreiid adojition of fann- 
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ing practices that tend to build up rather than to destroy the topsoil, the 
nation’s most valuable resource. 

The Farm Credit Administration 

Extent of loans made. Organized in May, 1933, as an agency of the 
Government, the Farm Credit Administration was transferred under a 
Presidential reorganization order to the Department of Agriculture in 
July, 1939. A total of more than $6,870,000,000 has been loaned by 
credit institutions operating under the supervision of the Farm Credit 
Administration since May, 1933. Loans outstanding on December 31, 
1940, totaled $3,069,000,000. Of this total, more than $2,548,000,000 was 
in the form of long-term mortgage credit, $381,000,000 in short-term 
credit, and approximately $93,000,000 in credit to cooperative associa- 
tions. Of the total loans outstanding to farmers in the form of long-term 
mortgage credit, $1,851,000,000 represented loans made by the Federal 
land banks and $648,000,000 loans hy the Land Bank Commissioner. 
The balance of approximately $49,000,000 consisted of loans outstanding 
from the joint-stock land banks, which are now in the process of liquida- 
tion. 

Short-term credit outstanding. Of the $381,000,000 total short-term 
credit outstanding, $172,000,000 represented loans to farmers and ranchers 
from their local cooperative-production credit associations, while the bal- 
ance of short-term credit was made up of discounts from the Federal inter- 
mediate credit banks for privately capitalized financing institutions, re- 
gional agricultural-credit corporations, emergency crop and feed loans, 
and the old drought-relief loans of 1934 and 1935. The largest share of 
the total outstanding to cooperatives, approximately $75,000,000, was in 
the form of loans from the banks for cooperatives. In addition to this 
amount, the banks had credit outstanding amounting to nearly $26,000,- 
000 in the form of notes purchased from cooperatives under the Com- 
modity Credit Corporation crop-loan programs. 

Included in the total loans outstanding from institutions under the 
agency’s supervision was $47,000,000 in loans to members of Federal 
credit unions. Most of the Federal credit unions are made up of urban 
rather than rural groups. 

Loans and credit extensions in 1940. During 1940, the Federal land 
banks and the Land Bank Commissioner made 39,000 farm-mortgage 
loans totaling $101,000,000; production credit associations made 231,000 
loans totaling $350,000,000; the banks for cooperatives extended credit 
to cooperative marketing, purchasing, and business-service associations 
totaling $126,000,000; and the Federal credit unions made loans totaling 
more than $100,000,000. 


The Food Stamp Plan 

Number of people served. The Food Stamp Plan of the Department 
of Agriculture is the newest of its surplus-removal programs. It mo%^es 
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farm surpluses into the homes of families who need them. In doing this, 
it broadens the market for food products, thus helping farmers; provides 
more adequate diets for needy families, thus helping consumers and 
building up national health defenses; and moves all surplus commodities 
through regular channels of trade, thus helping business. 

The Food Stamp Plan grew out of the direct purchase and distribution 
programs whereby price-breaking surplus farm products are bought and 
given to state relief agencies for distribution to people recemng public 
aid and for use in school lunches. Direct distribution continues for needy 
families wherever the Food Stamp Plan is not in operation and for 
school lunches eveiy'v’here. 

Tenure of the plan. The Food Stamp Plan is an eEBcient surplus- 
removal program, first inaugurated on ^lay 16, 1939, in Rochester, New 
York. On IMarch 18, 1941, it was in operation in 281 areas throughout 
the nation, serving upward of 3,000,000 people. Forty-seven other areas 
have been designated and are shortly expected to be in operation. Re- 
sponsible authorities in hundreds of other centers have filed requests wift 
the Suri:)lus ^Marketing Administration that the plan be instituted in 
their communities. 

No question has been raised about the need for more food and a greater 
variety of it among lower-income consumers. It is estimated that 40,- 
000.000 people in the United States are living below the food-diet danger 
line. ^lany of these are children. 

Two kinds of stamps used. The Food Stamp Plan gives an increase 
of 50 per cent in food-buying power to needy families in the form of 
special surplus-food order stamps. Families recei^ring any kind of puh- 
lie assistance may participate. Two kinds of stamps are used. Partic- 
ipants buy orange-colored stamps in the approximate amounts they 
formerly spent in cash for food. These are good at any grocer}^ store 
for any food. With every* dollar s worth of orange stamps bought, 50 
cents^ worth of blue stamps are given to the family free. These are good 
only for foods currently designated as “in surplus,” which are mostly 
dairy* and poultry products, w’heat and other cereals, fruits and vege- 
tables, and meats. 

Orange-colored stamps are sold to make sure that families using them 
wdll continue to buy* as much food as they^ did before the plan w’as 
adopted. Free blue stamps, therefore, represent a net increase in the 
amount of food which is bought and eaten. Farmers get a new market, 
and the underfed get a better diet. 

Market outlet enlarged. The plan provides an important market 
for farmers and promises a greater market in the near future. Blue food 
stamps bought more than $7,000,000 worth of surplus farm products in 
January, 1941. In the 7 months from July 1, 1940, through Januaiy 3b 
1941, blue stamps were used to purchase more than $37,000,000 worth of 
farm surpluses. Since the inception of the program, nearly S54,000,0{K1 
have been added to the food-buydng power of low-income families. 

By the end of this fiscal year— June 30, 1941 — ^when the Food Stamp 
Plan is expected to be working in 350 areas or more and serving around 
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5.000. 000 persons, indications are that it will absorb annually at least 

60.000. 000 pounds of butter, 80,000,000 dozen eggs, 275,000,000 pounds 
of pork products, and immense quantities of fruits, vegetables, and other 
commodities. 

Latest figures, on the basis of 3,000,000 participants, show that, in 
January alone, blue stamps provided a market for 2,735,000 pounds of 
butter, 3,609,000 dozen eggs, 10,354,000 pounds of pork, 4,738,000 pounds 
of lard, 32,521,000 pounds of wheat and other cereals, 37,880,000 pounds 
of vegetables, and 25,127,000 pounds of fruits. TSTien 5,000,000 persons 
are participating, these figures, naturally, will increase accordingly. 

Flexibility of the plan. Built on an “accordion^^ basis, the plan can 
contract or expand at need. In times of full employment, it can be 
operated at a minimum cost but kept in existence for times of depression, 
when food must move quickly to large numbers of unemployed. It 
follows, of course, that farmers would also be protected against a sharp 
decline in the domestic demand for their products. 

The plan is administered by the Surplus Marketing Administration 
and its four regional offices in Dallas, Milwaukee, Philadelphia, and San 
Francisco. In the various Stamp Plan areas, local welfare agencies are 
responsible for the designation of eligible participants and cooperate 
with the agency in the issuance of stamps. The stamps may be redeemed 
through local banks or agency offices. 

Food-stamp areas are operating in every state except West Virginia. 
The areas range in population from New York City to tovms and counties 
with a few thousand inhabitants. Geographically, they range from 
small towns and counties to entire states. Six Western states — ^Arizona, 
Nevada, New Mexico, Oregon, Utah, and Washington — have adopted the 
plan on a state-wide basis. 

Generally commended by all interested groups, the Food Stamp Plan 
has been favorably acted on in conventions of national farm organiza- 
tions and by many others, including milk producers, retail-grocers' secre- 
taries, fresh-fruit and vegetable associations, county officials, and the 
Congress of Industrial Organizations It has also been editorially en- 
dorsed by a large number of newspapers, including farm papers. 

Science in Agriculture 

Caring for the land. Having achieved a greatly increased and ex- 
panding power to produce in excess of available market demands for its 
principal products, agriculture has a new liability as well as an asset. 
Seeking equality with labor and industry in the national economy, or- 
ganized farmers are actively buttressing their case for ''a fair share of 
the national income.” Most fanners arc prepared to explain why they 
do not and cannot farm as ^\ell as they know how and, at the same time, 
do a better job of taking care of their land in a countrj^ where wind and 
water erosion takes a vast annual toll of a vital resource. 

An old English slogan was: “Feed your land when prices are high and 
Kwa it when they arc low.” It was possible for farm owners, as well 
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as tenants operating xmder long-term leases, to adhere to this practice in 
the England of Chaucer. In that period, ^veil-farmed good land, in a 
small island where soil erosion was and is negligible, could stand 5 years 
of “bleeding’* to tide the operating owner or tenant over a depression. 
American farmers are mostly agreed that, on the basis of their annual 
cash income, they cannot meet fixed charges, bear the cost of living, rear 
and educate their children, and, at the same time, maintain the produc- 
tivity of their land, and keep their buildings, structures, and machineiy 
in repair. For the United States as a whole, the cost of feeding, cloth- 
ing, and educating a child until 15 years old on a farm is about $2,250. 

Making good things better. American farming as a business is under 
the directive and powerful influence of science. America is rich in good 
things for better living on farms and ranches, in towns and cities, and on 
ships at sea and in the air. Applied science is improving good things. 
American genius, flowering out of racial mixtures of most of the peoples 
of the earth, is endlessly inventing new things. 

Approximately $605,000,000 have been spent by the Department of Ag- 
riculture and the state agricultural-experiment stations for agricultural 
research since 1910. This expenditure represents half of 1 per cent of 
the national income from agriculture. Some industries spend 3 per cent 
of their income for research. Agricultural research has increased, but 
it still lags behind industrial research. In the past 30 years, private 
industry^ has paid out five times as much as agriculture has spent for 
research. ^^lore than 7,000 insect species plague farmers. Some 5,0(W 
grasses must be tested intensively by scientists to harness them to culti- 
vation and to find species that grow well, provide good ground cover, and 
produce maximum forage. 

Regional research laboratories. Four regional laboratories, author- 
ized bj' Congress in the Agricultural Adjustment Act of 1938, for research 
on the utilization of farm products, have been recently built and are novr 
in operation. They are instituting investigations to develop new and 
wider uses for agricultural products. Their initial work is concerned 
with tlie principal surplus crops in each of the four major producing areas 
of the countrv\ At Peoria, Illinois, the Northern Laboratoiy has begun 
its studies on corn, wheat, and agricultural wastes; at New Orleans, 
Louisiana, the Southern Laboratory studies cotton, peanuts, and sweet 
potatoes; at Wjmdinoor, near Philadelphia, the Eastern Laborator} 
studies tobacco, apples, potatoes, milk products, vegetables, hides, skins, 
tanning materials and leather, and animal fats and oils; and at Albany, 
near San Francisco, the Western Laboratory^ studies fruits, vegetable^, 
potatoes, wheat, alfalfa, and poultry products and by-products. These 
laboratories are operated by tlie Department’s Bureau of Agricultural 
Chemistry and Engineering. 

Increasing the nation’s wealth. Working together through the state 
agricultural-experiment ' stations and the Department of Agriculture, 
scientists arc expanding the nation’s wealth. Other scientists are incrca?- 
ing knowledge of how, through better diets and sanitation, to protect 
and safeguard health, with the result that rising standards of living are 
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credited with a rising average age of the nation’s population. Scientists 
in many other state and Federal agencies and in municipal governments 
arc contributing to the development and efficiency of the nation’s or- 
ganized effort better to serve the general welfare. Accomplishments of 
scientists employed in research laboratories maintained by leading in- 
dustries operated for profit are prolific. 

Science is fathered, mothered, and nurtured by all modern nations. 
It has been defined as amoral, or outside the bounds of that to which 
moral distinctions or judgments apply. Modern science, however, is 
increasingly concerned with people and their welfare in the world of 
today. All sciences arc man-made, and many scientists in all fields are 
conscious of having a large responsibility to help bring together the 
principles of science and those of democracy in a dynamic pattern of 
social organization within which all may find opportunity and justice. 


Hazards of Modern Farming 

Agriculture’s principal hazards. Agriculture as an industry includes 
more than 100 separate commodities. It is more hazardous, more in- 
dividualistic in its personnel, more competitive within itself, and more 
accustomed to producing all it can than any other industry in the national 
economy. 

Agriculture’s annual income is reduced in varying degrees and in 
different areas by one or more such agents as drought, plant and animal 
diseases, floods, hailstorms, fires, wild animals, poisonous plants, and 
thieves. Farm fires take a toll of 3,500 lives every yeai', or nearly 9 a 
(lay, and rural property valued at §25,000 is destroyed every hour. Ten 
per cent of agriculture’s yearly income in Iowa, Illinois, Indiana, Mis- 
souri, and Ohio is offset by fire and accident losses. 

Mechanization has increased the occupational hazards of fanning. 
More people are accidentally killed in farming than in any other in- 
dustr}^ During 1937, 38 per cent of Kansas farm accidents occurred in 
the operation of machineiy, 26 per cent being attributed to livestock and 
15 per cent to falls. Deaths in Kansas resulting from farm accidents 
during the period from 1930 through 1939 totaled 854. Altliough tlie 
leading cause was machinery, injuries caused by animals and horse-drawn 
vcliiclcs exceeded tlie machinery fatalities. Illinois, in 1938, had an 
increase of about 50 per cent in farm accidental deaths over 1937. Me- 
chanical safeguards and accident prevention for persons engaged in fann- 
ing have received but scant attention. 

Accidents in barnyards. Fifty per cent of all farm accidents in a cen- 
tral Kew York farming community, as reported by a physician, in 1939, 
to the Journal of the American Medical Assodaiion, occurred in the bam 
or barnyard in connection with routine cliores. July and August were 
the peak months for accidents to farm people. Ten time? as many males 
as females were injured. For those seriously injured, the liospitalization 
period was 5,7 days and the number of outpatient visits was 18.3. !Mon- 
etary loss incidental to a bad injur\" was, for most farmers, a serious if 



46 


THE AGRICULTURAL INDUSTRY 


not permanent catastrophe. Twenty per cent were unable to pay any- 
thing for hospitalization and professional care. 

In a number of states rrhere 70 to 85 per cent of the people live in the 
coxmtry, there is but 1 doctor for every 1,000 to 1,500 people. Thousands 
of farm families live too far from hospitals for safety. Group-health and 
hospitalization plans have made it possible in recent years for more 
sick or injured persons to pay for their own care than was preAUOusly 
possible. 

Losses from theft. Automobiles, trucks, and improved roads facilt 
tate organized thieving in rural communities. Portable personal prop- 
erty owned by farmers is valued at millions of dollars. Such property 
commonly has no police protection except from the sheriff's office. 
Consequently, property annually stolen from farmers mounts up to 
formidable totals, which cannot be estimated in dollars alone. 

Agriculture’s roads to town. American agriculture has been pro- 
foundly affected during the last quarter of a century by the gas engine 
and by hard-surfaced roads. In 1940, surfaced and unsurfaced roads in 
the United States totaled about 2,965,000 miles. Only 3.4 per cent of 
farmers in 1930 — and perhaps 5 per cent by 1937 — ^were located on con- 
crete or brick roads. Macadam roads provided nearly 5 per cent of 
farmers with year-round service in 1930, and gravel roads ser^’^ed 20 per 
cent of the farms. 

One third of the nation’s farms had roads of a quality of gravel or 
better on April 1, 1930. Improved dirt roads adjoined 29 per cent and 
imimproved dirt roads 36 per cent of the nation’s farms in 1930. In the 
Great Plains states, 80 to 90 per cent of farmers lived on dirt roads. 
Many of these farmers doubtless had hard-surfaced roads part of the way 
to town. 

Drains on farm income. Farming as a business loses annually niucn 
of its basic capital through soil erosion. It loses additional soil fertih 
ity through the growing of soil-depleting cash crops that leave the farms 
of their origin w’hen sold. 

Machinery, buildings, and fences depreciate on fanns. Repairs ana 
replacements must be made. Agriculture’s income has seldom providea 
adequately for ^'obsolescence of plant” except at the expense of farm- 
family Uving standards. Eleven-year records on 720 farms in eastern 
Iowa show that the maintenance of the owners’ houses, bams, fencer 
water systems and tiling cost an average of S2 an acre. Figured on the 
present value of the improvements themselves, the cost was 5 per cen 
a year. On small farms, the maintenance charge was higher, reaching 
S3.03 an acre. Between May 12, 1933, and December 1, 1934, the 
farm-mortgage debt in the United States averaged about $8,000,000,000. 
On January 1, 1940, farm mortgages in the United States totaled $6,9l0r 
000,000, the smallest amount outstanding since 1919. Included in tin- 
total were the Farm Credit Administration’s farm-mortgage and other 
loans to farmers and farmer cooperatives amounting, in September, 
to §3,232,726,513. Privately owned farm real-estate taxes in 1930 were 
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estimated at §566,000,000, which figure is still fairly reliable, although 
total properl}’' taxes have declined since then. 

Trade barriers among the states. American agricultural prosperity, 
and the tvcU-being of the nation’s groat city populations are bound with 
the maintenance of the nation-wide market that is made possible by free 
internal trade. Restrictions, liowcvcr, of this trade are so numerous and 
severe that they seriously threaten free trade within the United States. 

An urge to protect local industries and local producers is always pres- 
ent. Most trade barriers have been promoted by local groups of pro- 
ducers with the motive of keeping as much of the local market as pos- 
sible for themselves by preventing or hindering the sale of competing 
products originating in other states. 

Agricultural producers are harmed in two ways by these market-exclu- 
sion practices. First^ altliough they may be able to get some measure 
of protection in their local markets, producers arc harmed by similar 
retaliator}" measures in outside markets to which they might want to 
ship their surpluses. Second, the monopolistic advantages gained by 
market exclusion arc likely to be short-lived. 

War expands farm exports, Januar}’' of this year (1941) was the 
fifth sucessive month in which farm exports moved out at a rate of only 
§240,000,000 a year, which is less than one third of the average (about 
§750,000,000) for the 5 years just preceding the outbreak of tlie Second 
World War. Fann exports, in this 5-year period, were far below those of 
any other 5-year period since the turn of the century. 

Passage of the Lend-Lease Bill, however, foreshadows an expansion of 
exports. Coupled, as it appears to be, with a growing shortage of certain 
foods and tobacco in the United Kingdom, and implemented, as is ap- 
parently the intention, by substantial appropriations earmarked for 
agricultural products, the bill might more than double the present rate of 
export of farm products. 

Without a lend-lease program, the United Kingdom would still be the 
sole market to which United States farmers could reasonably look for any 
substantial export increase, at least while the war lasts. All other foreign 
markets are cither cut off from United States supplies, are unable to afford 
or unwilling, as a matter of policy, to use United States commodities, or 
are well supplied from local sources with the type of products this country 
has to sell. 

Poor land heavily taxed. In 1940, 30 of Iowa’s 100 country agricul- 
tural planning committees found, almost without exception, very little 
relationship between the assessed value and productivity of farm land. 
Furthermore, they found only slightly more relationship between assessed 
value and sale value. Without exception, they found a marked tendency 
for all land to be assessed very near a predetermihed township-average 
value. Where there are differences in the quality of land, good land is 
bearing much less of the tax burden in proportion to its income-producing 
capacity than poor land. Where good land is assessed at from 40 to 65 
per cent of its sale value, poor land in some instances has been assessed 
as much as 600 per cent of its sale value. 
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Cash expenditures by farmers. One fifth of the automobiles, one 
third of the trucks, and 2,000,000 tractors in use in the United States in 
1940 '^rere owned by farmers, who bought 5,000,000,000 gallons of gaso- 
line in that year. For feed, fertilizers, labor (money w^ages) , macliinerj^, 
and electric power, farmers spent a total of nearly §3,000,000,000 in 1929. 
(Their hired labor bill for 1939 was §542,000,000.) They spent over 
§700,000,000 in 1929 for interest and commissions on loans, including 
mortgage debts. When to this are added expenditures for livestock 
bought, for seed, for food, clothing, and shoes, for spra^dng materials, 
containers, lumber (§167,000,000 in 1924) , and other items — for which 
no Census figures are available — ^it seems probable that their annual cash 
exi:)enditures total about half of agriculture’s gross annual income. 

Diets of farm and city people. iLfutritionists find that there are more 
poor diets in cities than on farms, but, taking all parts of the country 
together, 25 out of everj’' 100 farm families not on relief get the kind of 
meals that are below the safety line. Food takes the biggest chunk out 
of the average farm famil^^’s budget. Families with the x^ry best diets 
spend little more in actual cash for food than those with the worst diets 
Diet differences come in the foods produced at home. Families with the 
best diets grow more than twice as much food at home as do those with 
the worst ‘diets. Seven to 8,000,000 farm people get diets that fall below 
the safety line of adequate nutrition as defined by scientists in the De- 
partment of Agriculture. 

Farm-tenancy trends. In an exceptionally prosperous farm commu- 
nity, tenancy increased from 39 to 52 per cent in tlie IS-y^’ear period be- 
tween 1915 and 1931, and the age of ovmer operators increased. In 191o« 
94 per cent of the tenants declared their intention of becoming land- 
owners, while in 1930, the percentage dropped to 45. Tenancy has been 
increasing at the rate of about 40,000 farms a year. 

Farm land rented in 1935 constituted more than 45 per cent of all farm 
land in the covmtry, as compared with only 31 per cent in 1900. Tenants, 
including croppers, operated 42 per cent of all farms in 1935, as compared 
with 25 per cent in 1880. Eent paid by farmers in the United States tu 
nonfarincrs in 1935 is estimated at §699,000,000 and at $829,000,000 in 
1937. ^Mortgage debt is an increasing proportion of the value of fa^ 
real estate. In 1880, the equity of farm operators in farm real estate 
in the country as a whole was about 62 per cent of the value of all farm 
real estate. By 1930, the proportion had fallen to 41 per cent, and to 
39 per cent by 1935. 

More farmers than farms. An almost constant displacement by ma- 
chines of persons who were at one time stabilized on farms has been tak- 
ing place. A Jvlidwestem farm journal, in J^Iarch, 1941, pointed out that 
more farmers arc hunting farms than there are farms to rent, stating: 

§ome landlords tvill be able to squeeze out cash rentals that absorb 
most of the Agricultural Adjustment Administration’s benefits. County 
AiVA commiltccts can check some of this robber\', but it Ls hard to do so. 

The only remedy may lie State legislation to penalize absentee owners 
to break up big estsites and to increase the number of farms. Alore 
tenants drifting to towm to get factorv- jobs would help, too. 
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KaiisaS; Oklahoma, North Dakota, Michigan, and Missouri have consti- 
tutional or ordinarj" legislation on the subject of large land holdings 
within their respective borders. 

Population increasing on poor land. Tens of thousands of miners 
returned to fanning after 1929. IMost of the farms they opened up were 
on poor land. Nearly 100,000,000 acres in use in 1930 were unfit for 
crops. About 650,000 families, containing 400,000 youth, were living on 
this land. About 500,000 farm families are on land so poor that it will 
not maintain a decent standard of living, A high rate of natural increase 
of population occurs among these families, and they do not tend to emi- 
grate. 

Public purchase of submarginal land is Ijeld to be justified in many 
areas where families are handicapped by inadequate natural resources. 
In order to eliminate unnecessary public expenditures for roads, schools, 
clcctric-powcr lines, and other public services in such areas, a program 
of Federal purchase of land aimed primarily at these objectives was car- 
ried out for several years following 1934. Relief funds Averc used in 
acquiring over 9,000,000 acres, mostly farm land, which was improved for 
use as forests, recreation areas, game refuges, ranges, and other purposes. 
Under the Bankhead- Jones Farm Tenant Act, Congress authorized the 
cxpenchlure of §50,000,000 over a 3-year period for these purposes, but 
only about one third of that amount has been appropriated. 

Land purchases for reforestation. In the opinion of the National 
Forcbt Reservation Commission, one third of the nation is best adapted 
to forests, and bringing this land under efficient forest management will 
3’icld substantial and permanent social and economic returns. Forests, 
the Commission points out, arc the only natural resources that can be 
widely and readily regenerated at reasonable cost. It adds that the self- 
support of people and communities has declined as timber and other 
resources have been removed. Land approved by the Commission for 
purchase is administered by the Forest Service of the Department of 
Agriculture. From the outset, in 1911, the purchasing units have bought 
17,793,134 acres in 33 states and Puerto Rico, at an average price of 
§3.75 an acre. 

Land Under Irrigation in the Public Interest 

Progress under the Reclamation Act. An area constituting two 
fifths of the United States is too dry for crop production. Since the 
Reclamation Act went into effect in 1902, about 40 years ago, reclama- 
tion projects have added §2,657,000,000 to the nation^s AA^ealth through 
crop production. About 20,000,000 acres are irrigated, west of the 100th 
meridian; approximately 43,000,000 acres may eventually be irrigated. 
This total includes land now irrigated and 2,500,000 acres within areas 
to be served by projects under construction. 

Private enterprise has brought 17,730,674 acres of Western land under 
irrigation 

Assisting farmers to transfer from hazardous dry land to irrigated 
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- areas is held to be justified by social and economic policy. In 1936, 
about half of- the acreage of cropland in Federal reclamation projects 
produced hay and forage. Irrigation is a limited but slowly increasing 
factor in the nation’s agricultural industry. 

From 1902 to 1940, millions of acres of land have been retired from 
agricultural production. Retirement has been brought about through 
purchase by Federal, state, and city governments, and through water and 
wind erosion and flood-control measures. Much of the land thus retired 
from private ownership and commercial production is undergoing refor- 
estation and is being developed into national, state, and municipal parks, 
exi^erimcntal forests, and wild-life sanctuaries. Some of it is used for 
watersheds and reservoirs to serve cities ; some is used in connection with 
hydvoelectnc-power production for suburban homesites and for Govern- 
nient militaiy and peacetime establishments, new roads, and airports. 

Expenditures for Federal relief in the last 7 3"ears in the 17 states^ 
represented by the National Reclamation Association were nearly $2,500,- 
000. According to the Association: 

Some 275,000 good homes have been made possible by irrigation, 
and It can give 275,000 more. Since 1930, facilities have been com- 
pleted to bring into cultivation 381,000 acres of desert land New 
storage works have been placed m operation to supplement the irrigation 
supply for an additional 304,000 acres which were previously inade- 
quately watered. 

In 1939, about 22,000 deep-well pumps and about 49,000 other pumps 
were used for irrigation. Deep-well pumps increase costs but make irri- 
gation possible where there is a permanent^ lowered water table. More 
significant is the increasing use of portable sprinkling systems to supple- 
ment rainfall, to augment surface irrigation where water distribution is 
uneven, and to water rough land where* gravity systems are not prac- 
ticable. 

Irrigation makes homes and a living. At least 6,500,000 people have 
been able to make homes and a living in the West as a result of present 
irrigation. Total appropriations and allocations to the Bureau of 
Reclamation (in the Department of the Interior) from 1902 to 1936-^^ 
period of 34 years — were $537,000,000; from 1937 through 1941, they 
were $307,000,000. In 1939, the Western and Pacific states afforded a 
market for non-Western agricultural and manufactured products valued 
at more than $1,500,000,000. 

Drought usually is thought of as being a handicap only to Western 
farming But fanners in the humid Eastr—particidarly truck farmers, 
gardeners, and orchardists — often are seriously affected by summer 
droughts. Rainfall records over a 20-year period at 18 locations in 18 
Eastern states show that, on an average of once in 7 ^’^cars, there was a 
period of 6 weeks or longer when not more than one-quarter inch of pre- 
cipitation fell in any 24 hours A similar period of 28 days or more 
occurred eveiy 2 years. 

* Arizona, California, Colorado, Idaho, Kansas, Montana, Kebraska, Nevada, 
Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Texas, Utah, Washing- 
ton, and Wyoming. 
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To offset insufficient rainfall during vital periods of crop production 
farmers in the East are installing various kinds of irrigation systems 

The Lure of Land and a Livins 

Part-time or subsistence farming. Chiefly as a result of agriculture’s 
increasing mechanization, farms in the most favorable areas for crop 
production tend to become large commercial farms or small subsistence 
farms Between the two is the family or middle-sized farm, which has 
tended to disappear in one or the other of the two groups. Farms vary 
in size from a few acres to thousands of acres. A decrease of 3.1 per cent 
in the number and an increase of 7.5 per cent in the size of farms occurred 
between the 1930 and 1940 Censuses. In the wheat, corn, and cotton 
belts, farms are much larger than those in diversified farming regions 
The most economical size of farm to operate in a given area depends on 
many factors. 

Many families with small incomes can lower their living costs by 
living on a small piece of land and growing their own food, and at the 
same time enjoy a greater quantity and variety of fresh and canned 
vegetables and fruit. Gardening and poultry raising on a small piece 
of land is about all an employed man and his family can care for by 
hand. About 1 acre of good land is enough for such purposes. But if 
the family wants to keep a cow and plans to buy the necessary wnnter 
feed, 2 additional acres of good pasture land should be enough, and the 
extra work will not be excessive. 

Men employed only part time or for short hours who have large families 
and small incomes may find it economical to keep a milk cow or milk 
goats and some pigs, and raise the necessary feed in addition to having 
a garden and keeping poultry. This plan means the use of horse or 
mechanical power and should be tried only after experience and careful 
consideration. Some families are so placed that their best plan involves 
obtaining a fairly large acreage of cheap land for general farming. 

Factors to be considered. Farming and wage work in combination 
off the farm, now usually called ‘^subsistence farming,” attract families 
with several children who find it difiicult to provide suitable housing and 
plenty of fresh fruits and vegetables from their small incomes. It is 
much less attractive if wages from work off the farm are not enough to 
meet the necessary cash expenses of the farm and the family living. 
Inexperienced people will find severe competition if they try to raise 
farm products for sale. 

Many people now in town who lived on farms in their childhood inquire 
about subsistence of “self-sufficing” farming on 20 to 100 acres or more. 
Many farms, apparently suitable for such a purpose, are for sale at rela- 
tively low prices, but many serious problems are involved in this kind 
of farming. 

Location of land with regard to community improvements — ^such as 
roads, schools, churches, and electric-power lines — should also be con- 
sidered. A part of the cost of some improvements, such as paving and 
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sidewalks^ is often assessed against the adjoining property. This should 
be considered when deciding between two tracts of land, if only one has 
city improvements. The amount of the tax levy for recent years and 
the probable future taxes should be investigated. 

County agricultural agents or farm advisers and agricultural colleges 
in states where these farms are located are qualified to give helpful 
advice and information to those who consult them. Subsistence farming 
may easily be regarded too optimistically by many townspeople. 

Increase in small farms. Automobiles and good roads have en- 
couraged many factory workers, professional people, and businessmen 
to live on a small place a few miles out of cities, have a garden, keep 
some chickens and occasionally a cow, and thus supply part of the fam- 
ily food. INIany such places are reported by the Census as ^Tarms.” 

Between 1920 and 1935, an increase of 99 per cent occurred in farms 
of from 3 to 10 acres and of 35 per cent in farms of from 10 to 20 acres 
jNIuch of this increase took place near towns and cities; but farms of 
all the larger size groups decreased in number, except for a 2-per cent 
increase in farms of 175 to 259 acres and an 18-per cent increase in those 
of over 500 acres. Apparently the automobile has increased the number 
of small farms more rapidly than the tractor has increased the number 
of large farms. Small-scale farmers in various regions earn considerable 
cash by doing nonfarm work. No measure of such income exists. 

Farm-engineering and farm-management specialists are studying the 
possibilities of new, small-scale processing machinery for cooperative use 
by owners and renters of small farms in comparatively thickly populated 
rural communities. 

Possible extension of craft work. American farmers in pioneer and 
later times grew plant and animal fibers, which they worked into home- 
made clothing. Small-scale industiy of this type has shifted from farm 
liomes to large-scale commercial units. Now an apparent need is for 
intermediate units to ser^^e communities and producers of rougher types 
of cloth and certain craft materials. England has perfected a compete 
line of machiner^^ for handling certain fibers from opening to final weav- 
ing. Such machinery uses from 5 to 20 persons and fits into cooperative 
communities where home- and fancy-craft products are made. 

Machines of this class need not emphasize labor saving, for they would 
be used in communities in which labor is plentiful. Nor is volume of 
product per hour or day of primary importance. The machines would 
not compete directly with industrial machines used in large-scale manu- 
facturing. 

Abandoned farms in sloping areas. American experience has proved 
that, although virgin soil on sloping land may be productive for a con- 
siderable time, fertility is not such as to give large yields for an extended 
period. Cleared uplands usually yield fairly well for a few years and 
then decline. Their lessened productivity is due, not only to the leacb- 
ing of soluble salts from the soil, but also to the loss of the soil itself 
through erosion. In native agriculture, the decline is so rapid and severe 
that, in most places, lands are abandoned after from 3 to 7 years of 
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farming. New lands are then cleared and the old ones permitted to 
revert to brush. ^'Abandoned farms'^ number many thousands in the 
United States. Many of these farms have been repeatedly bought and 
sold or abandoned. 

Farm real-estate values. A slight rise in the national average of 
farm real-estate values occurred during 1940. The preliminary index 
of average value per acre of farm real estate was 86 as of March 1, 1941, 
as compared with 85 on the same date a year earlier and with 84 in 1939. 
The period from 1912 to 1914 equals 100. Of the Department of Agricul- 
ture’s series during the last 20 years, the low point was 73 in the yeai\ 
1933. Values increased about 16 per cent during the next 4 j^ears, but 
have fluctuated little since 1937. Now the national average is approxi- 
mately 18 per cent above the 1933 low point. Largest gains in real- 
estate values since the low point in 1933 have been made in the East 
South-Central, South Atlantic, and East North-Central states. The 
smallest rise from the depression low has been in the West North-Central 
states, where tlie index of value is now 67, as compared with 64 in 1933. 

Nesroes and Indians in Agriculture 

Land farmed by Negroes. During their 70 years of freedom in this 
country, Negroes have made remarkable progress in education and eco- 
nomic attainments. In 1935, Negroes were full owners of 150,000 farms, 
valued at $165,667,000, and part owners of 25,952 farms in the Southern 
states Combined, the two groups of farms aggregated 10,534,000 acres 

Agriculture in most of these states has long depended and still does 
depend largely on the field and domestic labor of Negroes, Technology, 
however, has gradually decreased the demand for Negro agricultural 
labor in the South. Negro farm families shrank from 923,000 in 1920 
to 816,000 in 1935 Between 1910 and 1920, over 300,000 Negroes found 
work in Northern cities; and in the last 20 years, many of these people 
have continued to move out of agriculture into Northern cities, where 
their children have fair-to-good educational opportunities. 

About 12 per cent of the nearly 54,000,000 people classified as 'Turah’ 
in the nation’s 1930 census were Negroes. In the cotton belt in that 
year, about 33 per cent of the rural population and 37 per cent of the 
farm population were Negroes, but the decline in Negro farm population 
in the United States was from 5,100,000 in 1920 to 4,680,000 in 1930. 

Negroes number 7,778,423, or 30.9 per cent of the total population of 
the 11 states of Virginia, North Carolina, South Carolina, Georgia, 
Florida, Kentucky, Tennessee, Alabama, Mississippi, Arkansas, and 
Louisiana. In the rest of the states, thej’' number near^^ 4,000,000. Of 
the 2,000,000 cotton-farm families, more than one half are tenants, and 
tenancy is increasing faster among the whites than among the Negroes. 
In the 11 states named, there are 300 Negro county agricultural agents; 
in the cotton-adjustment work under the AAA program, 2,834 of the 
7,545 workers are Negroes. 

Indians in a cooperative program. Approximately 361,000 Indians 
are citizens of tlie United States; Eskimos, Indians, and Aleuts number 
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about 32,000 in Alaska. Indians live in each of the 48 states, but 62 
per cent of them reside on reser\^ations that have been designated for 
Indian use in 23 states, and over half of this population is concentrated 
in Oklahoma, Arizona, and New Mexico. In Alaska, very little agri- 
culture is carried on by natives, but in the continental United States, 
where Indian land holdings total 55,000,000 acres, Indians depend pri- 
marily on the land for their liveliliood. Livestock raising is their prin- 
cipal industry. About 75 per cent of Indian land is grazing and forest 
areas, only about 10 per cent being tillable. Of the $9,250,000 income 
resulting from the agricultural activities of Indians during 1939, approxi- 
*mately two thirds was derived from livestock. 

Misuse had seriously depleted the land resources of the Indians, and 
leasing to non-Indians had grown to an alarming proportion, when, in 
1933, the Government's new program for Indians moved toward making 
these people self-supporting members of their communities. Federal 
action is enabling Indians to practice conservation and to make intelli- 
gent use of Inchan-ovmed natural resources. Many are now taking part 
in the conser\^ation phases of the national farm program. Gradually 
the leasing of their allotments is being discontinued, and land is being 
obtained for many landless Indians, Irrigation, subjugation, and soil- 
saving systems are being installed. Agricultural credit and opportuni- 
ties for technological assistance and training have been pro\dded. Co- 
operative enterprise is being developed to advantage. Livestock is in- 
creasing in number and quality. 

Indians are competing favorably in a number of communities with 
other citizens engaged in agriculture, Indians won 2,200 county or state 
prizes for agricultural exhibits in 1939, 


Other Government Aids to Agriculture 

Reciprocal-trade agreements. According to the Department of Agn- 
culture’s Office of Foreign Agricultural Relations, exports of United States 
agricultural products have been increased materially as a direct result 
of the present reciprocal-trade-agreement program initiated by the 
partment of State in 1936. Of the total value of United States foreign 
trade in agricultural products in the past 4 years, exports amounting to 
at least $100,000,000 and imports of about $20,000,000 are directl}’' attrib- 
utable to these agreements with 21 countries in South and Central Amer- 
ica and Europe. For agricultural products, the domestic market has 
been expanded by the agreements, and they have yielded indirect ben- 
efits to United States farmers. 

New t3rpes of fertilizers. An act of Congress, in 1933, created the 
Tennessee Valley Authority as a corporation, directed by statute to 
custody of the Wilson Dam and appurtenant munitions plants at Muscle 
Shoals, Alabama, and to operate them in the interest of the national 
defense and for the development of new types of fertilizers for use in 
agricultural programs. A further provision of the statute is for the 
development of the Tennessee River, which is 650 miles lopg and, in < 
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states, has a basin comprising 41,000 square miles. Two thirds of the 
2,500,000 people in the basin are classified as '^rural/^ The corporation 
is authorized to employ the war properties at Muscle Shoals in order 
to ^fimprove, increase and cheapen the production of fertilizer and fer- 
tilizer ingredients.'^ Plant-food material produced by the corporation 
has been made available for use by agricultural research and agricultural 
educational agencies in 47 states, Hawaii, and Puerto Rico. Material 
supplied by the corporation is being distributed by the Agricultural 
Adjustment Administration as grants-in-aid under its national program 
of soil conservation. Under supervision of land-grant institutions and 
their affiliated agencies, plant food had been applied, as of July 1, 1940, 
to 30,683 farms aggregating nearly 5,000,000 acres, for testing and dem- 
onstration purposes in 652 counties in 23 states. 

Agriculture’s educational facilities. Institutions and facilities in the 
United States for vocational guidance and training, and for education 
in agriculture, domestic science, and home economics, are unequaled. 
They have long had the support of the farm press and national farm 
organizations. Agriculture as a business draws its most effective per- 
sonnel from agricultural-college graduating classes. These institutions, 
set up and maintained jointly by the state and Federal governments, 
attract good-to-exceptional talents and train them for the technical and 
operational staffs of private and public agricultural business. Many 
agricultural-college graduates are members of national, state, and local 
farm organizations. Extension education, demonstration, and 4-H 
Club work by trained men and women in Federal and state cooperative 
services deeply influence the life and welfare of the nation's rural 
population. 

Inter-American agricultural activity. The Department of Agriculture 
has had a long record of cooperative effort along lines of inter-American 
agricultural activity, extending back nearly half a century. In the last 
5 years, this activity has increased rapidly through the lending of agri- 
cultural experts to Haiti, Paraguay, Colombia, Ecuador, and other coun- 
tries. It has culminated in the establishment of a Division of Latin 
American Agriculture in the Department. 

The 76th Congress passed five outstanding laws designed to improve 
American relations with Latin America. These laws authorized: (1) 
the loan of experts to other American republics on request; (2) the 
carrying out of provisions of the Buenos Aires and Lima conventions; 
(3) the provision of a $500,000 appropriation for rubber research, lead- 
ing to increased production of this strategic material in the Western 
Hemisphere; (4) the establishment of a scientific-study center in the 
Panama Canal Zone; and (5) the increase by $500,000,000 of the amount 
of loans that the Export-Import Bank may have outstanding to govern- 
ment and other agencies of the Western Hemisphere to assist in develop- 
ing their resources, stabilizing their economies, and marketing their 
produce. 

Eighteen Latin-Amcrican students and professors are studying in the 
United States, as a result of scholarships and travel grants arranged 
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through the State Department. This is a part of the program to increase 
the interchange of students and teachers between the American Republics. 


Asricuiturc’s Share of the National Income: The Crux of 
the Farm Problem 

Agriculture’s cash income. Agriculture’s cash income in the United 
States in 1940 was $9,120,000,000. In 1920 it was $12,553,000,000, the 
greatest in American history. In 1932 it was $4,606,000,000, the lowest 
in the last 40 years. The national income in 1929 stood at the all-time 
peak of $82,885,000,000. In tabulated form the national income and 
that of agriculture (including government payments in the last 8 years) 
is as follows: 



National income 

Cash farm income 

Government 'payments 
to agricxiUurc 

1933 

$42,430,000,000 

85,379,000,000 

$131,000,000 

1934 

50,347,000,000 

6,585,000,000 

447,000,000 

1935 

55,870,000,000 

7,378,000,000 

573,000,000 

1936 

65,165,000,000 

8,499,293,000 ! 

237,252,000 

1937 

71,172,000,000 1 

9,111,024,000 1 

366,899,000 

1938 

63,610,000,000 ! 

8,071,934,000 ' 

482,221,000 

1939 ' 

69,378,000,000 ' 

8,541,582,000 ■ 

807,065,000 

1940 1 

74,800,000,000 j 

8,328,000,000 | 

792,000,000 


Cash income by commodities. A number of livestock and agricul- 
tural commodities produced and marketed in the United States are in the 
category of billion-dollar industries annually. These and other farm 
commodities are named and the cash income which they produced in 
1936, 1937, 1938, and 1939 are given on the two following pages. 

Increased farm income as a goal. “We must insist,” says the head 
of the National Grange, “on greater farm income, the American price 
for the products used in this country, and a broad program to reach 
foreign markets.” Approximately 60,000,000 of the 131,669,275 inhab- 
itants of the United States, in 1940, were living in rural America. In 
that year, the nation had 6.812,000 farms and a farm population of 
32,059,000. Farmers are far less than 50 per cent nationally organized. 
Members of the three national farm organizations total 1,343,850. Labor 
unions in the United States have nearly 8,000,000 members. 

A national farm-organization official says that labor constitutes 65 
per cent of the nation’s population, is 75 per cent organized, and gd® 
67 per cent of the national income; that industry' constitutes 10 per cent 
of the population, is 85 per cent organized, and gets 21 per cent of the 
national income; and that agriculture constitutes 25 per cent of the pop- 
ulation, is 30 per cent nationally organized, and receives 12 per cent of 
the national income. 
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Co7nmodiiy 

Cask inco7ne 

1986 

1987 

1988^ 

1989^ 

Crops: 

1,000 dol. 

1,000 dol. 

1,000 dol. 

1,000 dol 

Com 

264,918 

224,316 

269,395 

326,039 

Wheat . 

450,859 

604,640 

396,082 

396,677 

Oats 

47,333 

67,022 

42,522 

44,516 

Barley 

45,695 

42,672 

38,165 

37,397 

Rye 

15,196 

19,856 

8,325 

8,700 

Buckwheat 

1,837 

1,952 

1,519 

1,371 

Flaxseed 

10,397 

13,062 

12,164 

24,463 

Rice .... ... 

31,556 

32,597 

33,977 

32,848 

Grain sorghums . 

7,628 

8,332 

7,499 

5,514 

Cotton lint 

763,360 

770,377 

562,131 

525,320 

Cottonseed 

141,519 

113,399 

84,790 

83,485 

Tobacco 

243,169 

32,518 

294,333 

263,979 

Dry edible beans . 

42,909 

48,426 

37,529 

36,773 

Potatoes 

229,820 

183,736 

127,701 

157,059 

Sweet potatoes 

22,816 

24,391 

21,792 

21,350 

Truck crops- . 

358,261 

388,631 

345,673 

367,282 

Citrus fruits 

126,628 

147,705 

101,044 

99,600 

Apples .... 

95,444 

110,481 

82,980 

97,760 

Peaches. . . ... 

40,014 

50,330 

31,169 

40,572 

Pears .... 

18,803 

16,875 

12,630 

15,437 

Cherries . . 

7,529 

12,405 

i 7,056 

9,080 

Giapcs . 

39,043 

54,638 

37,828 

37,785 

Straivbenies 

34,902 

42,604 

37,509 

39,158 

Cianberues . 

6,848 

7,561 

5,226 

6,909 

Tiec nuts* 

16,224 

21,144 

18,500 

18,930 

Small fruits'* 

10,777 

13,630 

10,618 

11,094 

Other fi uits* 

38,054 

41,850 

31,097 

36,731 

Sugarcane for sugar . 

19,952 

17,444 

18,181 

16,511 

Sugar beets . 

; 55,675 

51,836 

54,598 

50,481 

Sugarcane sirup 

5,940 

6,571 

5,926 

6,497 

Sorgo sirup . 

3,793 

3,857 

3,589 

3,393 

Maple sugar and sirup . 

3,280 

3,923 

4,370 

4,104 

Hay. . . 

85,729 

95,992 

67,117 

65,400 

Clover seed (red and alsike) 

12,319 

10,884 

12,642 

15,069 

Swectclovcr seed . 

2,143 

2,159 

1,288 

2,028 

Lespedeza seed 

2,785 

3,903 

5,204 

5,623 

Alfalfa seed . 

8,804 

12,156 

9,931 

11,983 

Timothy seed . ... 

2,549 

2,707 

1,759 

1,970 

Soybeans 

28,745 

30,753 

32,313 

49,651 

Cowpeas 

4,736 

5,826 

6,147 

5,729 


' Preliminary* 

^ Includes all vegetables except dry edible beans, potatoes, and sweet-potatoes grown 
on commercial farms, and miscellaneous crops grown in garden plots not reported sep- 
arately in census enumerations. 

^ Includes almonds, filberts, pecans, and Persian (English) walnuts. 

* Includes blackberries, blueberries, currants, dewberries, gooseberries, loganberries, 
raspberries, and other berries exclusive of cranberries and strawberries 

® Includfes apricots, avocados, dates, figs, nectarines, olives, persimmons, pineapples, 
plums, pomegranates, prickly pears, prunes, and quinces, as well as cherries in non- 
commercial Suites. 
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Cenmnodity 

Cash income 

1986 

1987 

JOSS^ 

ms' 

Crops; 

1,000 dol. 

1,000 dol. 

1,000 dol. 

1,000 dol. 

Peanuts 

35,135 

38,207 

45,257 

34,086 

Hops 

6,942 

6,411 

6,340 

8,773 

Other® 

185,146 

201,948 

192,302 

210,869 

Total crops 

3,575,112 

3,877,787 

3,126,224 

3,237,996 

livestock and livestock products; 





Cattle and calves . 

1,097,767 

1,214;699 

1,143,986 

1,274,714 

Hogs. . 

964,682 

923,252 

868,535 

821,097 

Sheep and lambs . . 

170,391 

191,966 

162,070 


Poultry^ ... 

317,414 

305,051 

287,958 

295,278 

Eggs (chicken) 

466,420 

512,561 

473,313 

422,937 

Milk 

1,459,182 

1,531,510 

1 1,396,118 


TVooI 

96,824 

117,270 

71,239 

84,324 

Other* 

64,246 

70,029 

60,270 

60,859 

Total livestock 

4,636,929 

4,866,338 

, 4,463,489 

4,494,541 

Total crops and livestock i 

3,212,041 

8,744,125 

7,589,713 

7,732,537 

Government payments® ■ 

1 

287,252 

366,899 

482,221 


Grand total 1 

8,499,293 

9,111,024 

8,071,934 

8,539,602 


® Includes broomcorn, field peas, popcorn, peppermint, sweet sorghum for forage, 
and forest, nursery, and greenhouse products. 

" Includes chickens and turkeys. 

« Includes horses, mules, ducks, geese, mohair, and honey. 

® Includes agricultural conser^^ation, Sugar Act, rental and benefit, and cotton option 
and price adjustTnent payments to farmers. 

Group cooperation suggested. According to Colorado's State Grange 
Master, speaking in December, 1940: 

Farmers have left the days of purely individualistic efforts. They 
Will attempt to work out their problems through cooperation with 
labor, manufacturers, general mdustry and business groups. 

Groups of the public, particularly in the last 40 years, have increas- 
ingly demanded more extensive and more diversified services from the 
Government. Science has enormously enlarged the capacity and con- 
sequences of action by groups. Dr. J. D. Black, Harvard professor, 
speaking before the American Farm Bureau Federation's convention at 
Baltimore, Maryland, in December, 1940, said: 

Farm organizations of the United States, though tliej' did not help 
write the treaty of Versailles, were as much responsible as any other 
one group for the mistakes in national policy and progranis made by 
on. This time they may be responsible even 
for the mistake made in the new peace treaties that are written: and 
they mil be highly responsible for the conduct of our public affairs 
afterward. 

Fama-organizatioti attitudes. Although the three national farm o**' 
gamzations envision the continuation of the current national farm pf®' 
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gram, the National Grange does not accept it as real farm program,” 
the Farmers' Union regards it as ”a weak substitute for effective help 
to agriculture,” and the American Farm Bureau Federation considers 
it ^fundamentally sound.” Some changes in the program and its admin- 
istration have been proposed by each organization. 

Continued Federal aid to agriculture was favored by all three organi- 
zations at their respective annual meetings late in 1940. In substantial 
agreement on some issues and policies, they contend that: (1) farm 
income in 1940, despite Federal aid to agriculture, was still considerably 
below the total which they regard as an "adequate share of the national 
income”; (2) the present war has practically completed the destruction 
of foreign markets for American crops produced for export; (3) the tem- 
porary prosperity of industry, resulting from the national-defense pro- 
gram, is reflected to a greater extent in prospective increased prices for 
things that farmers buy than for things that farmers sell; and (4) 
benefits to agriculture from industrial activity and increased payrolls 
will apply to farm products that are domestically consumed, while 
American export farm products, already depressed, will suffer still more 
as a result of vanishing or closed foreign outlets. 

According to the Ohio Farm Bureau Federation (January, 1941), 
comprising Ohio county farm bureaus: 

We have 29 per cent better than parity on the things we have 
bought cooperatively in large volume. When we do the same good job 
through organization and user cooperation on all the other things we 
buy, there will be no farm problem. 

]Major things that Ohio farmers do not buy cooperatively are listed 
as home- and farm-building materials, farm machinery, store-bought 
food, furniture, furnishings, and family clothing. 

American democracy challenged. It is increasingly realized that, * 
in the long run, the farai problem will have to be solved, not on the 
farm alone, but in the general industrial and economic system whose 
defects have created the problem. Secretary of Agriculture Claude R, 
Wickard, in an address at Syracuse, New York, November 16, 1940, said: 

Our democracy, if it is to be strong and unassailable, must give 
serious and continuous attention to bettering the lot of low-income 
groups in cities and on farms, ^ise their incomes and you raise their 
buying power. Raise their buying power and you create new markets 
for the production of our machine industry and increasingly mechan- 
ized agriculture. That seems to be about the only place we can look 
for new markets in the world as it is today. 


The United States Department of Agriculture 

Information and research foremost. Charged with acquiring and 
diffusing among the people of the United States useful information on 
subjects connected with agriculture, the Department of Agriculture also 
conducts research and extension work. Back of every activity of the 
Department there is a research problem, scientific or economic. More 
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than 7,000 members of the Department's personnel are technical workers. 
Functions of the Department relate, not only to research, but to educa- 
tion, consciwation, marketing, crop and livestock improvement, produc- 
tion and manufactuie of daily products, home economics, and conserva- 
tion. Research results arc made available hy the Department for prac- 
tical application through extension and experiment-station work in co- 
operation with the states. 

The Department provides crop reports, commodity standards, and 
other marketing services, and Federal meat-inspection service. It works 
to eradicate and control plant and animal diseases and pests; administers 
more than 50 regulatory laws designed to protect farmers and the gen- 
eral public; enforces the Sugar Act of 1937 and the Commodity Ex- 
change Act; promotes the proper use of soil and forest resources; pro- 
vides rural rehabilitation; administers the ever-normal-granary program 
through commodity loans and marketing quotas; provides agricultural 
credit; assists tenants to become farm-owners; facilitates the introduc- 
tion of electric somcc to persons in niral areas; insures wheat crops 
against natural hazards; and diverts price-depressing surpluses to ex- 
ports, new uses, and relief. 

Coordination of activities. The Department is composed of 25 bu- 
reaus, divisions, offices, or units, and carries out the provisions of 300 
acts of Congress. A broad new function of the Department is to act 
as a board of strateg3% a general staff of specialists in the Bureau of 
Agricultural Economics and the Agricultural Planning Board, which 
is an over-all planning agency. Planning techniques of the Department 
are developed democratically by free discussion in groups composed of 
scientific specialists, Federal and state officials, and the farmers them- 
selves. A scientifically developed program requires, first, that a hypo- 
thetical plan be arrived at by Department specialists; second, that there 
be a thorough discussion of the plan, with alterations and revisions m 
the light of the discussion ; third, that the plan be tried out, as it is often 
found wanting as new facts appear; fourtli, that the plan be once 
more revised and tried in its new form; and fifth, that the plan be then 
placed in action. 

The Department recognizes that coordination must reach into all 
aspects of its work. In large-scale group activity, public or private— 
including industiy, agriculture, finance, and everything else — five steps 
are involved in research, planning, and administration. Finally, th^ 
over-all job is to coordinate these three and see to it that each one is 
genuinely related to the others. During 1939, farm men and women, 
numbering 70,000, organized themselves into community and county 
planning committees. In 1,195 counties in 47 states, they sat down with 
representatives of Federal, state, and local agencies to develop plans, 
policies, and programs for their counties. These committees planned for 
action by individuals, by groups, or by public agencies. 

Duplication and conflict among the various programs and activities 
of the Department are not important administrative problems; the hard 
and complex job is to adapt national farm programs to the special needs 
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<4 padicular areas xmder widely varying condili^)n^, Through coordi- 
nating its work, the Df'partmcni moving toward the goal of adapting 
national programs to tlic specific needs of all slate?, agricultural 
(ountie?. counuunities, and individual farms. 

Brief reviews of the work of a few of tlie Depart mcniV newer agencies 
are given elsewhere in this chai>lur. 

Soil Conservation as a National Policy 

Science and machinery ns aids. Machinery and modern farming 
methoils have provided the means by which fanners on fair-io-good land 
may d<*croa‘>'c the available fertility of soils more rapidly and on n greater 
scale tlnui were possible in practical agriculture *10 3’oars ago. At the 
same time, liowcver, thanks to science and machinery, most farmers can 
do much to increase tlic fertility of their crop and grass land at a more 
r.apid rate than was po^^dble in 1900. To increase the organic mailer or 
humus in abused ami eroded soils is a much slower but ucccssaiy job 
for milliouK of farm families who arc farming Uic.^'C soils. 

Soil erosion and soil depletion represented a dangerous, widespread 
trend that hud begun in the last luilf of the nineteenth century and was 
gnming rapidly after 1914. By working together since 1933 under na- 
tional j)rograms for soil conservation, farmers have made substantial 
progress m altering the trend. 

Yearly cost of erosion. In liis 1910 report, the cliief of the Soil Con- 
servation Service stated that erosion of the soil costs the United States 
about $3,844,000,000 a year. It is a tlircat to the productive capacity 
of the nation, a drain on the countiy s agricultural resources, a cause of 
rural impoverishment, and a dangeious fissure in the preparedness dam 
we arc building against unfriendly tides in other continents. Across the 
country we have jicrmitlcd the essential ruin of 282,000.000 acres of ciops 
and gra^dng land, and liavo allowed the proces^^ of erosion to got under 
way on 77.5,000,000 more acres of all types of land. Half of the land of 
the country has been damaged by erosion. ^^AVe can conserve our soil. 
We know how to do it. We can, if we xvill, make it produce abundantly, 
and without waste, for any and every production need that may face 
us,** says the report. 

On March 15, 1941, as this chapter ends in an atmosphere tense with 
the din of national-defense activities, it seems ])robabIc that the state of 
international trade after world ])cacc shall have been established will 
require changes in American agricultural adjustments. It is more than 
probable that soil, timber, water, and grass conservation will continue 
under a national policy and program for agriculture. For the idea of 
conscrxdng basic natural resources as an essential, permanent social job 
has been accepted by the American people. They realize that, upon 
the deepening success of this primary contribution to national defense, 
depends their future well-being and security in a world in which rapid 
changes arc forcing the peoples of the Western Hcmisi)herc into neigh- 
borly cooperation with one another. 
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The Meat-Packing Industry 


Early History of Meat 

Although most of the development of the present meat-packing indus- 
try has occurred since 1800, or even since the Civil War, the story of live- 
stock and meat is as old as man. It is carved on the walls of caves that 
sheltered the prehistoric cave dwellers of middle Europe. Patriarchs of 
Biblical times knew it well, because they prospered only as their herds 
of cattle and sheep prospered. Mighty kings of Assyria and Egypt 
decreed that the slaughtering of animals for food should be performed 
only by the priests. During the reign of the Ptolemies, stringent food 
laws covering the preparation of meat for consumption were rigidly en- 
forced. In the Middle Ages, powerful butcher guilds were organized in 
most of the large cities of Europe and, for centuries, represented a signifi- 
cant influence in the life of a community. The Worshipful Company of 
Butchers, of London, England, was founded in 1180 and continued to be 
a power for several centuries. Statutes on the “profession of butchering” 
were made in France in the middle of the same century. 

For many centuries, the people of every town and village were depend- 
ent upon local livestock production for their meat supply. In many 
European countries, this condition still exists. It was in America that 
the packing industry grew to its present size and significance. 

Of deep importance to the growth of every large industiy was the 
industrial revolution of the nineteenth century. During the early part 
of this century, the extraordinary expansion in the use of machinery in 
Europe and in America and the improved means of transportation gave 
commerce an unprecedented stimulus, which resulted in the development 
of industrial centers of large population. As these cities increased in 
population, there grew up a huge demand for meats — a demand that has 
gone on increasing in volume until, in recent years, it has become the 
largest in history. It was this demand that created the impetus for the 
organization of the meat-packing industry on a substantial scale. 
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reported that the twenty leagues they had been over they had seen 
nothing but cows and the sky/^ 

Incidentall}^ Texan history may be of interest, in view of the fact tliat 
Texas now often boasts nearlj^ twice as many cattle as any other state 
Texas was first traversed by four survivors of the ill-fated Narvaez 
voyage to Florida (1528). These men — ^three whites and one Negro — 
spent most of their 8 years of wandering in hunger, nakedness, and recur- 
ring slavery and escape among successive Texas tribes of Indians. Their 
leader w^as rather prophetically named Cabeza do Vaca^ Mr. Head of a 
Cow. 

The wild horses that once ranged the American plains were descended 
from the horses that strayed from the Coronado and other Spanish expedi- 
tions from Mexico northward during the sixteenth and seventeenth cen- 
turies. The horse, incidentally, transformed the American Indian, once 
a slow footman who probably thought at first, like the Aztec adversaries 
of Cortez, that man and horse were the same animal, or, like the neigh- 
bors of the New Mexican cities conquered by Coronado, that these fierce 
people were mounted on animals that ate human beings. It has been 
pointed out that the horse probably wrought as great a change in the life 
of the Indian as did the locomotive in that of the white man. 

Stock Raisins in the Colonics 

Although some cattle reached Virginia prior to 1609, the first large ship- 
ment was in 1610. The first sheep were brought from England to James- 
town, Virginia, in 1609. In 1624, Governor Edward Winslow imported a 
number of cattle at Plymouth, IMassachusetts, but for years the}^ were 
so rare that six owners were required for eveiy cow. 

So vital was meat food to those early settlers that, in order that valu- 
able animals transported so carefully overseas should be kept to breed 
and multiply, an edict was published forbidding the killing of domestic 
animals of any kind. The penalties were severe in the extreme: death 
to the principal, burning of the hand and loss of the ears to the accessory, 
and a 24-hour whipping to the concealer. Those were harsh measures 
even for the beginning of the seventeenth century, but an adequate supply 
of meat was a life-and-death matter for the early colonists. 

During colonial days, dairying, cattle feeding, and hog raising were 
carried on together. By the middle of the seventeenth centuiy, an im- 
portant cattle industry had developed in the Connecticut River Valley. 
From the pastures of New Hampshire and Vermont, large droves were 
annually driven south to be sold at Boston or to feeders and dairymen 
in the three southern New England states. By about 1772, settlers from 
Virginia and Pennsylvania had reached the Monongahela Valley, where 
herds of 400 or 500 head were soon common. 

Beginning of the Meat-Packing Industry 

The conditions that gave rise to the present organization of the pack- 
ing industry originated when settlers in the Ohio and Mississippi Valleys 
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began to raise livestock. As Eastern cities grew, livestock production on 
the Atlantic Seaboard could not keep pace. Supplies had to be brought 
from points farther and farther away. 

At first, livestock from more distant localities had to be driven across 
the countrj". Then, with the advent of railroads, the animals were 
shipped alive in stock cars. During the middle of the past century, the 
traffic in live animals to the Atlantic Seaboard became important. The 
first step in mo%ing the industry to the source of raw materials was the 
development of pork packing in cities west of the Alleghenies. Cin- 
cinnati became the first important pork-packing center in the countpr. 
In those days — before, during, and shortly after the Civil War — ^the ship- 
ment of meat products over long distances was confined entirely to cured 
products and principally to pork products. Pork was salted down and 
packed in barrels, and thus arose the name ''packing industry.^’ This 
name is more or less a misnomer today, for it is really much more ap- 
plicable to industries like fruit and vegetable canning, where packing m 
containers is an important feature. This packing or salting down of 
meat for shipment to distant points was practiced as early as 1640, when 
New England farmers took advantage of the Cromwellian wars in Eng- 
land to sieze the salt-pork trade of the West Indies. The first American 
meat packer w'hose name is known was Captain John Pynchon, a store- 
keeper, miller, fur trader, Indian-war commander, and judge in Sprmg- 
field, Massachusetts. He was the son of the city’s founder, WilHaii^ 
Pynchon, the first American now knowm to have been a meat retailer. 
Between 1645 and 1662, the two, in turn, bought venison from the Indians 
for retail sale. The son w^as shipping cattle to Boston by 1655, and buy- 
ing and barreling pork by 1662. 

Advent of the refrigerator car. The great drawback to the develop- 
ment of the packing industry in the Middle West was the impossibility of 
shipping fresh meats for considerable distances. It naturally followed 
that attempts w'cre made to solve this problem, and from these attempts, 
came the refrigerator car. The first successful experiments were ma<l® 
about 1870, and the result was the rapid development of meat-packing 
companies in Chicago and other Middle Western cities. Modem refrig- 
eration made possible a regular flow of fresh meat every day from all 
producing countries to every consuming center on the globe. As Dr. 
Maiy- E. Pennington has summarized the subject: "The people of the 
United States are as dependent upon refrigerator cars for their foo 
supply as the people of England upon ships.” The discovery of antiseph^ 
surger\" was not more epoch-making than was the solving of the problem 
of cold transportation for foods. 

Obstacles tending to retard progress. At first, there was a decided 
prejudice against Western meats in Eastern markets. There were other 
obstacles, such as the opposition of the railroads — for they had equip" 
ment of livestock, not refrigerator, cars — of Eastern stockyard interests- 
^and of other industries that had gro^ up from the feeding and shipm^^ 
of Western animals by rail to Eastern markets. The opposition on the 
part of the railroads was so keen that the Chicago packing companies has 
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to provide their own refrigerator cars. A number of the packing com- 
panies still continue to operate their own equipment and, as a result, they 
have developed transportation departments that are responsible for 
keeping track of the refrigeration cars, repairing them, and giving the ex- 
pert service they require. The meat companies pay the railroads the 
regular freight rates on the products shipped, and they receive a mileage 
rental from the railroad companies for the use of the cars. During some 
periods, this mileage rental has yielded a small profit to the packers from 
the operation of refrigerator cars; at other times, it has resulted in a loss. 
This whole situation is now under the control of the Interstate Commerce 
Commission, and mileage rentals are adjusted from time to time in 
accordance with the cost of maintaining and operating the cars. 

Concentration of the industry in the Middle West. After the ob- 
stacles mentioned in the foregoing paragraph were overcome, the industry, 
centering in Chicago, began to grow rapidly. It was ine\dtable that it 
should develop, but its establishment was greatly hastened by the fact 
that certain men of unusual ability entered the field. Livestock pro- 
duction spread to the Northwest, the West, and the Southwest, and conse- 
quently additional packing centers grew up — such as those at St. Paul, 
Omaha, Sioux City, St. Louis, Kansas City, Denver, Oklahoma City, and 
Fort Worth. Packing houses cannot always be distributed freely 
throughout the producing fields, because if their numbers were too large, 
the individual packing house would be too small for economical operation 
and the livestock supply and shipping facilities would be inadequate. 
In the location of packing houses, there is an economical balance between 
producing areas and consuming sections. 


Size of the Meat-Packing Industry 

The American meat-packing industry is one of the world's largest in- 
dustries. According to figures issued by the Bureau of the Census of the 
United States Department of Commerce, the meat-packing industry, as 
measured by the value of its products, usually ranfe from first to third 
among the industries of the United States. 

The latest figures available, those for 1939, show that the plant value 
of packers' products amounted to $2,648,325,552, as compared with 
$4,039,930,733 for the automobile industry and $2,720,019,564 for the steel 
industiy. The number of establishments listed in 1939 was 1,478. The 
industry employed an average of 119,853 individuals and paid them 
slightly more than $161,500,000.^ On each business day, packers paid out 
for livestock and other materials an average of more than $7,000,000. 

Fresh meat produced, according to the Census report, represented a 
little more than half the total product value. Cured meats (which in- 
clude hams, bacon, and corned beef) represented approximately 17 per 
cent of the total value. Another 5 per cent of the total was sausage, 
headcheese, etc., and more than 2 per cent was canned meats, including 


Figures do not include administrative employees. 
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canned sausage. More than 1,500,000,000 pounds of lard were produced, 
\sdth a .value of approximately $107,000,000. 

Hides, skins, and pelts had a total value of about $94,500,000, while 
the wool produced was valued at $16,700,000 and hair at about $1,300,000. 
Other by-products were valued at about $220,000,000. 


Economic Significance of the industry 

The production and consumption of meat have a significance that 
extends far beyond the livestock and meat industiy. Livestock consume 
a large part of the grain, hay, and other roughage produced on the farms, 
and thus transform into nutritious human food much material that would 
otherv'ise be wasted. At the same time, livestock provides fertilizer for 
the enrichment of the soil. The consumption of farm products by live- 
stock not only constitutes one of the fundamentals of economical meat 
production but forms the basis of any permanent s3’’stem of agriculture. 
The importance to the nation of this side of livestock production is pointed 
out b}" Dr. John R. Mohler, chief of the Bureau of Animal Industr}" of 
the United States Department of Agriculture: 

One may ask why it is necessarj* or even desirable to have a large 
animal population in a country" such as tins, with its millions of 
mobiles and trucks and its vast acres for producing cereal grains. The 
answer is simple. Our domestic animals, developed through long years 
of evolution, are marv^elousl}'' efficient in converting vast quantiti^ of 
grasses, forage, plants, and other products wliich are of slight direct 
value to mankind, into available animal products. These products 
include meats, milk, butter, cheese, leather, fats, wool, mohair, and 
almost countless by-products, ranging from violin strings to fertilizer. 

Dr. Mohler further mentions: 

The United States contains the largest corn-producing region in the 
world, yet the human population uses only about one-tenth of that crop 
directly as food. The public appetite much prefers to use the com crop 
in the form of juicy steaks and savory hams. Through the stockmen s 
skill our domestic animals are becoming gradually more efficient in 
converting coarse feed into refined and concentrated products. As al- 
chemists for the refinement of base materials, cattle, swine, and sheep 
— ^to say nothing of goats — ^have an enviable record. 


Reasons for Present Geographical Location of Industry 

The location of any industr^^ is seldom definitely fixed; usually if 
changes writh the evolution of the country. The meat-packing industpj 
along with others, has gone and is going through a process of evolution 
in response to changing economic and geographical forces. The moden' 
packing industry made Cincinnati famous, with the nickname ^Torl^ 
opolis,” in the first half of the nineteenth century-. Chicago, in turn, too ' 
the lead under the impetus of Civil War demands. 

The locations of individual packing plants depend upon a great 
'^erent factors. From an economic standpoint, tlie most important one^ 
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are livestock supply, labor supply, shipping facilities, distance from 
markets, and competition. 

From the standpoint of livestock supply, the planning of a location 
for the packing plant depends upon present supply of livestock, tend- 
encies in livestock production, receipts at the market where purchases 
will be made, and methods of assembling livestock. These factors may 
explain in part the reason for the present concentration of the industry in 
the Middle West. 


Raising Livestock for Market 

Large numbers of calves are bred every year under what is called the 
“extensive system” of farming on Far Western range lands. There they 
remain steadily growing on the native grass, perhaps until they are 1^ 
or 2 years old. They are then loaded into railway cars for shipment to 
some Midwestern stockyard to be offered for sale to another farmer, who 
will fatten, or “finish,” them for the packer. En route, they are under 
careful supervision^ against ill-treatment by overcrowding, trampling, or 
accident. It is one of the laws of the land that cattle passing from one 
state to another shall not generally be left for more than 28 hours without 
being taken out for feed, water, and exercise. 

On arrival at the stockyards, the steers are placed, possibly with thou- 
sands of others, in pens for inspection by buyers of feeder stock. These, 
under our modern, specialized methods, are usually commission men, or 
agents, who make the purchase and sale of livestock their sole business. 
They are so named because they carry out sales and purchases for farm- 
ers and others, and take a commission of so much per head of the returns. 

The agent may have received an order to buy a “couple of carlots” of 
young, unfinished steers for some Midwestern farmer who makes a busi- 
ness of feeding these to market weight and condition. This process may 
take several months in the “feed lots.” When the animals have almost 
reached the required weight, they are “finished” for market on a ration 
that generally consists of corn and other concentrates, and calls for spe- 
cial skill on the part of the feeder. 

Then the steers, each weighing several hundred pounds more than 
when it entered the lot, are again shipped to the stockyard for resale, this 
time to the buyer for a packing house, and arc finally driven to the 
adjacent plant for slaughter and conversion into usable beef -for our tables. 

Calves also are produced on farms in the corn belt and other districts, 
as well as in the range regions. 

Methods of Marketing Livestock 

There are two main ways in which farmers market their livestock. 
The first is through the public livestock markets located at various points 
throughout the country — such as Chicago, St. Louis, St. Joseph, Kansas 
City, Omaha, Sioux City, St. Paul, and about 60 others. 

The second way of marketing livestock, commonly known as “direct 
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selling," is for the producer or shipper to sell it direct to a packer. The 
price is based on the price for comparable grades of livestock at some 
public market, usually in that territory, -with an allovrance made for 
freight from the buying point to the city or tomi in which the basic cen- 
tral market is located. Government figures on purchases of livestock 
include those dressed bj' all plants under Federal inspection and by 
some of the others; they indicate that about half the hogs marketed 
commercially, and about a third of the calves, sheep, and lambs, but 
less than a fourth of the cattle, are now sold direct 



Fig. 1. Buying lambs. 


, Operation of the Stockyards 

The stockjmrd company owns the yards along with all the neccssarj 
equipment for unloading and sheltering the incoming livestock. It 
has vast facilities for taking care of the transient livestock, feeding ai''| 
watering them, and disinfecting the pens. The income of the Etockj’»r“ 
company is derived from charging the shipper a small yardage fee 
from the sale of feed for the livestock. The function of the stockj'ar^ 
is to provide a central housing location for the concentration of livestock 
where commission-house salesmen and packing-house buyers can 
semble for the purpose of selling and buying the animals. 

As a rule, the farmer who raises livestock and ships it to znarket i^' 
ceivDs cash for his shipment almost as soon as it is physically poss’bJr 
for the money to reach him, for the packer pays in cash or its equivok^ 
for every purchase. When a carload of livestock reaches the stockyn^* 
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it is unloaded into the pens and the animals are fed and watered. The 
commission firm to which the shipment was consigned by the farmer then 
undertakes the sale of the animals to a packer. The packers' buyers 
ride through the stockyards and make bids, and finally the commission 
men sell the animals to the highest bidder. 

The animals are then weighed by stockyard officials and arc driven to 
the packers' i)ens, where they rest until they arc needed for processing. 
Owing to pliysical differences between the different kinds of livestock, the 
iwoeessing metliods vaiy. Inasmuch as the small-stock (calves, sheep, 
and laml>s) operations arc fair!}" similar to those used for cattle, descrip- 
tions of hog and cattle operations alone will suffice to give an idea of the 
methods used in the modern packing liouse. 


Processing Hogs 

When the liogs arc tlioroughly rested, they arc driven in small batches 
to the top storj" of the packing house, Tlierc they are swiftly dispatched 
and are then dropped into a scalding vat, which loosens tlic hair and the 
surface of the skin. The next step takes the hog to the scraping machine, 
where the linir is almost completely removed b}’' flexible beaters that carry 
dull, steel knives. This ingenious device even removes most of the hair 
from the heads and feet. 

In order to complete the removal of the hair, particularly the fine hairs, 
according to a practice now becoming prevalent, the hog is momentarily 
immersed in a melted mixture of rosin and oil. After removal of the hog 
from immersion in this mixture, the coating of rosin and oil is hardened 
by spraying with cold water. The coating is then pulled off, and with it 
come the imbedded hairs and hair rootlets. In addition to removal of 
the hairs, the application of this coating has a cleansing and sterilizing 
effect on the surface of the hog carcass. 

From this machine, the hog goes upon a moving table whcie workmen 
continue the cleaning process. At this point, a short, thick stick, known 
as a "gambrel," is inserted between the hind legs under the tendons. The 
gambrel is hooked in the middle to an overhead trolley, and the hog is 
raised from the table, hanging head downward. The trolley then moves 
along an overhead rail, with a hog spaced every 2 or 3 feet along the rail. 
Thus the animal is conveyed at a certain speed past a series of workmen. 
The movement is timed to allow each workman to perform a certain op- 
* cration on each hog as it passes him. The meat-packing industry was 
^ the first to adopt this ingenious plan of taking the work to the man 
instead of maldng the man move about to perform the task — a practice 
; that has revolutionized American industry generally and helped to make 
it the foremost in the world. 

The first operation, as the hog moves down the rail, is the further 
cleaning of the carcass, which is done first by men with long sharp knives 
,^and then by means of showers of water under high pressure. 

[] After cleaning, the head is removed and then the intestines, or viscera. 
/These parts are examined immediately by inspectors, so that any traces 
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of disensc may be detected. (The iiihpcction service is de.scribcd later 
in the cbaptcr.) The ])iilling of the leaf fat and the .‘-plilting of the 
carcass through the middle of the backbone follow next in order. After 
a final washing, the carcass is sent into the cooler.^, where it is chilled and 
held for cutting into the parts required by the trade. 

Cuttins the Meat 

Great skill is icqmicd in every cutting operation, because the value 
of the meat depends to a groat extent on the apiicarancc and sliajtc of 
the cuU. One wrongly directed knife cut may greatly lower the sales 
value of a ham or a loin. The method of cutting, moreover, varies from 
time to time, depending upon market comlitions. Tlicse eiiaiiging condi- 
tions reciuivc skill on the jiavt of the management as well as the workman. 

The jirinciplc of eanying the work to the workman i.s used again m 
the cutting operations. The side of the hog is placed upon a moving 
table, where the ham is sawed .and cut off. At the end of the table, the 
shoulder is chopped by means of a cleaver or an automatic chopper. 
The shoulder goes in one direction on a conveyor, the middle in another. 
The shoulder is then trimmed and cut up into retail meat. cuts. 

In the meantime, tiic hog middle is sent to a groiij) of workers ffh® 
cut and “pull” the loin and remove the spareribs. The remainder, whicu 
now is boneless, then is flattened by running between two rollers to permit 
proper trimming. The upper portion, or fat back, next is cut away o) 
means of a knife. 

The cuts which arc to be shipped in fresh form, sucli as the shoulder 
cuts, loin, and spareribs, are iimncdiatcly packed into containers an 
made ready for sliijimcnt to branch houses or retailers. Tiic otlier prin- 
cipal parts which are to be cured, such as the ham, belly, fat back, an 
certain of tlio shoulder cuts, are sent to the curing rooms below'. The*® 
cuts arc then inspected, trimmed, and prepared for curing. 

Methods of Curing Meat 

In general, there are four methods of curing followed today. The firsl 
is the sweet-pickle process, in which the meat is placed in large w'ater- 
tight vats, together w'ith a mixture composed of salt brine, sugar or sonic 
similar sweetening agent, and a small quantity of nitrate {or nitrite) m 
soda. The curing room must be held at a steady temperature between 
36 and 40 degrees P. This cure is applied mostly to hams, picnics (cn ® 
from the shoulder), and medium weights of bellies. The cure require^ 
from 15 to 45 days, depending upon the nature and weight of the cut an 
the strength of cure desired. ■ , 

The second process is the dry-salt method, which is used for some o 
the heavier cuts of meat. It consists of rubbing salt on the surface o 
the meat and stacking with salt between the layers, around the edges, fl” 
on top. 

The third method is the so-called “dry” cure, which is used mostly 
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innry l)riron n\n\ rcqiiiriuf^ a mild ctirc. The meat U ]>aekcd 

very lipitiy into walertiplil contninorh with a ^^prinklc of 

i^ugar, and nitrato of ^oda between the layers. In iliis method, the meat 
enrci^ in iln own juic<‘h'. 

In rcrent year?, tlierc ha« been fpiitc n development of the po-cnllcd 
‘hvrleriar’ method of eurimx. The rnring inEcredient?^ arc introduced in 
solution form into the artcri:d >*y,<lem of and .dioulder-'. Tlio enro 

forced in under pre«Mn*e tiwouidi a hollow needle inserted in the ev- 
pO'^etl end^ of the nrieiic'^ The eut^^ are then ?ubmcigcd in a cover 
pickle, TIh^ lime required for the cure to be efTected h veiy preally re- 
duced in (1)15 way, bemuse it \> not neee^'jary to wait for tlie euro to dif- 
fuse fioin (h(‘ outside to the center of the cuts. 

The salt is ustal to preserve the meat and prevent spoilage. The sugar 
neutraKn^.e^ the flavor of the salt. The nitrate of soda serves to maintain 
the attractive color of the nieat and may ])avo an additional pre.^^ervative 
function. 

Smoking meat* Smoking, the scf|Utd to the cure, is the next* stop. 
The ^^moke from burning liardwood adds greatly, not only to the flavor 
of the meat, I»it also to its appetite appeal, for it cmKCs a delieion^? 
brown color in the meat and enhances its keeping qualities. Probably 
80 per cent of the pork cured is smoked. 

Manufacturing Lard 

Lard making anotlier important packing-liousc operation. Lard is 
made from liog fat The leaf fat makes the finest grades. There arc a 
number of methods of rendering lard, the opcn-kcttlo and .^tonm-pvessurc 
method^ being the mo^t common. The purpo'^c of the rendering is to 
remove the fats from the meat fibers and to clmngc the consistency of the 
fats. The pioce-'s eonsi^^ts of cooking, filtering, and chilling. 

The bj’-products fiom rendering are cracklings and tankage, which arc 
valuable as stock and ])oultry feeds. 

Processing Cattle 

The cattle arc driven to the top floor of the plant- and then into narrow 
pens, where they aic stunned with a blow from a heavy hammer. They 
are then hoisted into the air by the hind legs for sticking. Following the 
sticking, the heads are removed and washed for inspection. The car- 
casses and the parts from each animal arc kept in tlic same order ilirougli- 
out the processing until the inspection is completed. 

After the removal of the heads, the animals arc dropped to the floor; 
the legs arc detached at the knee joints, and the hide is removed from the 
sides, after being slit down the center of the belly. The next step consists 
of raising the animal from the floor and removing the viscera, which aio 
placed in a receptacle for in.spcction by Government inspectors. 

The hide is then removed from the rump, and tlic carcass is raised clear 
of the floor. The next step is the complete removal of the hide. This 
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operation is followed by sawing the aitch bone and splitting the carcass 
through the center of the back dowm to the neck with a long cleaver. 
The split carcass is conveyed on a moving trolley for thorough washing 
and further inspection. The entire processing requires little more than 
1 hour. After it is completed, the carcass is sent to the cooler, where it , 
is chilled for from 24 to 36 hours. ■ 

Beef is delivered to retailers either in whole sides or quarters’ (half 
sides) , or, in some cases, in wholesale cuts. Beef sides and cuts are pro- 
tected by cheesecloth wrappers and burlap. 

df 

Meat Inspection 

The inspection of meat is an important part of the packing-house pro- 
cedure. In the case of packers doing an interstate business, the in- 
spection is made by Government inspectors under the superasion of the 
Bureau of Animal Industry of the United States Department of A^- 
culture. These inspectors are trained men, and their inspection, which' 
takes place both before and after slaughter, is very thorough. When all 
parts of a meat animal have passed inspection, a small purple stamp, 
colored with vegetable ink is applied to a number of places on the ani- 
mals, This stamp consists of a circle in which appears the legend “U. S. 
Insp’d & Passed’^ and the official number assigned by the Goveminent to 
that plant. So thorough is this inspection that many foreign countriea 
admit American meats to their ports without furtlier local inspection ii 
they already have been approved by the United States Goveminent. 

This Federal Government inspection service is conducted only in the 
plants engaging in interstate commerce, which handle about two thira» 
of the total meat supply. Meat processed by other packers is frequentl) 
inspected by state, municipal, or private inspectors, whose standards often 
are the same as those of the Government men. 

By-Products 

By-products represent one of the most noteworthy, if not epoch-making^ 
developments of the packing industry. In general, a by-product may 
defined as anything from a hog, steer, or sheep that is not considered as 
meat proper. 

Coincidental with the building of central packing plants arose 
necessity of disposing of the waste materials, or offal, -which make np 
about a quarter of the live weight of a meat animal. In the old butcher- 
ing days, these materials were thrown aw^ay and wasted, because 
value was not understood and because no means existed to turn them 
accoimt. Today, they are taken either by packers or by specialised 
traders who have sprung up because of the raw material made avaiiahk 
by recovery from packing-plant operations. A few of the more importa^^^ 
products made from recovered materials are: glue, soap, oleo oil (whk^ 
gives its name to oleomargarine) , stearin, casings (for sausage) , and 
for musical instruments and tennis racquets (from sheep intestines). 


Fjg. 2. Stamping and branding beof. 


Leather from the hides has a lecord going back to high antiquity. 
Other fairly well-known by-products arc the horns and hoofs, which, 
after softening by the action of steam, are laminated or split to make 
combs, brush handles, and similar articles. Bones are used for knife 
handles, laiick-knacks, and dice. Blood is utilized in some cases to 
furnish albumen, but usually, along with the odds and ends of Wat, fat, 
and residue that cannot otherwise be turned to account, it is made into 
fertilizer. 
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Humanitarian by-products. It is in the field of the pharmacist that 
the rather prosaic by-product finds its most surprising applications. 
Pepsin is one of the most widely used bases of remedies for dyspepsia, 
Surgeons now use ligatures made of sheep intestines for sewing wounds. 
In some surgical operations, a substance that comes from the adrenal 
gland near the kidneys is employed to prevent hemorrhage. Kephalin 
also is used, because it clots blood and acts as an astringent. A third 
substance, lecithin, is used to counteract snake poison and the venomous 
sting of insects. Other materials obtained from the brains of cattle for 
use in medicine and surgery are the pituitary and pineal substances. 
Pancreatin is a digestive ferment; insulin, recently discovered for the 
relief of diabetes, is obtained by a distillation process from the pancreas; 
from the thyroid glands of sheep, preparations are made that are pre- 
scribed in cases of premature bone hardening. Several other medicinal 
preparations are made today from w^hat were formerly w’asted portions of 
meat animals. In all, it has been estimated that about 140 articles which 
may be classed as by-products are now obtained from meat animals. 

The economics of by-products. One could scarcely conceive of the 
packing industrj" without its by-products. Because of the inclusion of 
l>y -products in the value of the meat animal when bought, the packer can 
and does pay a higher price for it to the farmer-producer. The saving 
made possible by by-product values may also affect the price of meat 
in some situations. 


Storins Meat 

Seasons, weather, prices, and other factors affect the production and 
marketing of livestock and cause variations in the quantity marketed. 
Hence, the supply of meat is likely to be greater in certain months than 
in others, whereas the demand from consumers is fairly even, except as 
consumer income in the aggregate varies. By storing surplus products 
under refrigeration in fresh, frozen, or cured form, the packer is able to 
hold the surplus for later periods wken the supply of livestock coming io 
market will be too small to meet the consuming demand. 

A period of .--torage is also necessary because of the time required fur 
the curing and smoking of meats. This period varies roughly from lo 
to 45 days, depending on the cut and the intensity of cure desired. 

The gi eater part of the stocks in storage consists of poik products, and 
the ^^upply on hand at any one time is rarely greater than a 3-wcek meat 
ration for the country. The storage period ordinarily does not exceed a 
few months. 


Shippins Meat 

Perlui])*'' the cave man of prehistoric times preserved his food? in winter 
by natuinl frost, Eskimos and Laplanders do today. A generation 
the pruclice was wide^prearl in the United States, and it still i* 
pievalent in the ^STorth. Frozen-beef quartci*? and jiork carcasses arc sUh 
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kept in perfect condition for 5 months in a great part of Canada. It was 
only natural that early moat packers, handicapped by the perishability 
of their goods in warm weather and their inability to ship meat from 
regions of surplus supplies, should have turned to the use of artificial 
cold, or what we know now as ^h'cfrigcration,” an art which has so ad- 
vanced in the last 50 years that it is now a specialized branch of cngineer- 


Merchandisins Meat 

In most industries, when the primary’' manufacturing steps have been 
completed, the goods go forward into market without further 011011 ; on 
the part of the manufacturer or, at least, find sales channels in which he is 
only indirectly concerned. This is not true in meat packing, Tlie 
actual distribution of the finished goods is carried out to a large extent 
b}^ the primary manufacturer. The fact that the bulk of the supply of 
livestock in the United States is produced west of the ^Mississippi River 
and the bulk of the meat is consumed in the territory east of that river 
makes necessaiy a complicated and efficient system of distribution. 

From packing plants, meat is distributed to all parts of the nation and 
of the world. This is accomplished through branch plants, branch 
houses, wholesale markets, and car and truck routes. Goods are sold, 
not directly to the consumer, but to retailers. Branch houses, wliich 
are sales agencies, ordinarily do only a limited amount of manufacturing, 
confining their operations largely to sausage making and to the smoking 
of hams and bacon. 

Car routes are operated in regions wliere the trade cannot conveniently 
or adequately be supplied from a plant or from branch houses. Ordi- 
narily, car-route orders are obtained by a salesman from dealers in a 
number of villages or cities in a given tcrritoiy, after which the goods are 
packed in a refrigerator car for shipment. Careful attention is paid to 
placing the orders in such a way that they may be unloaded with maxi- 
mum efficiency as the car goes from point to point. iMotor-truck routes 
ai'c handled similarly. 

Many retailers obtain their meat supplies by truck fiom wholesale 
markets at plants or branch houses adjacent to their places of business. 
Others obtain their supplies by ordering by mail, telephone, or telegraph, 
or from a salesman from a plant or branch near by, or perhaps in some 
neighboring city, whence the order may be shipped by express or freight 
or delivered by truck. Some retailers, of course, conduct their own 
killing and dressing operations in a limited way and do not depend 
altogether on the packer for their meat supply. 

The number of retailers who handle meat probably exceeds 225,000. 
A netlike, smoothly working delivery system brings meat into even those 
remote homes which formerly the village butcher himself did not reach. 
In the United States, few packers carry on a direct retailing business, 
but one of the largest English firms maintains a vast retail chain-store 
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sj'stem throughout Great Britain for meats prepared in its packing plants 
in Australia and Argentina. It •will be noticed that the American system 
comes to "within one step of the farmer-producer, on the one side, and, on 
the other side, to within one step of the co'nsumer, thus making all but 
two of the links in meat supply from farm to table. The record of indus- 
trial economics has but few instances of single service quite comparable 
to that of the packing industry. Indeed, the eEBciency of the American 
meat-packing industry is becoming proverbial. 

Figures issued by the United States Bureau of the Census show that 
meat packers pay out for raw materials, chiefly livestock, usually about 
85 per cent of the plant value of meat and by-products. All expenses of 
operation — including wages, freight, interest, depreciation charges, taxes, 
and so forth — as well as a small manufacturing profit come out of the 
remaining 15 cents of every dollar. Out of the money received from the 
packer for livestock, the producer must pay all the expenses of raising, 
breeding, feeding, and marketing the farm animals. 

In a recent surv’^ey by the United States Department of Agriculture of 
margins, expenses, and profits in retail meat stores, it w'as found that, 
on the average, out of every dollar received from the sale to the consumer, 
the retail meat dealer pays out 77.6 cents to packer or wholesaler as the 
cost of meat and that the retail dealer’s expenses average 19.5 cents out 
of each dollar of sales, lea'ving 2.9 cents for profit. 


Meat-Export Trade 

American meat has, from an early date, been exported in considerable 
quantities. In 1747, Charleston, South Carolina, reported the exporta- 
tion of 3,114 barrels of pork and 1,764 barrels of beef. In 1790, th^ rec- 
ords of external trade show that 6,000,000 pounds of pork products were 
exported from the United States. 

During the first third of the present century, American pork products 
were exported to nearly 50 coimtries, of which Great Britain, Germany, 
the Netherlands, Cuba, France, Belgium, Mexico, and Poland w’ere the 
most important. Practically no beef, veal, or lamb ■were exported, how- 
ever, except during and just after the First World War. 

By 1939, meat exports from this country had become almost negligibk, 
as a result of tariffs, quota systems, and other trade barriers. 
exports also had dropped drastically. 

Argentina, Australia, Canada, and New Zealand export relatively la^g® 
quantities of meat. Most of their products go to Great Britain. . , 

Export meats are transported in fresh, frozen, or cured form in refng 
erated ships. 

Methods of exporting. When exporting, American meat packers may 
sell in any of the follo'wing ways; 

(1) Through their own branch houses. 

(2) Through exclusive foreign agents. 
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(3) Through foreign agents who may handle products for a number of 
packers. 

(4) Through cooperative export organizations. 

(5) Through export brokers. 

How Prices Are Determined 

The supply of meat and the demand for it are two of the most important 
and interesting factors in our national life. They fluctuate and vary in 
abrupt fashion, and the ratio of one to the other continually changes. 
It is affected by this and by that, by the weather and by the prosperity 
— or adversity — of the country, and by many other factors. 

It is interesting to consider exactly how the forces of supply and de- 
mand work to set the prices for meat. People are at a loss to understand 
why meat prices vary so frequently. They wonder, for example, why a 
cut of meat bringing a certain price on one day should sell for several 
cents more or less per pound a few days later. 

The reason is simple: There has been a change in the ratio of demand 
and supply. Perhaps farmers sent more hogs to market than they did a 
week before; this increased the supply of meat, say of pork chops, but 
demand remained the same. With more pork chops to sell than there 
was a demand for, prices naturally moved downward. Lower prices, of 
course, usually move goods, and meat is a perishable product that must 
be sold promptly. On the other hand, it may be that there was no in- 
crease in the actual supply of pork chops. For no explainable reason, 
hundreds of thousands of housewives may have decided to serve ham or 
pot roast or Iamb stew instead of pork chops, and, as a result, the con- 
suming demand for pork chops may have declined. 

Price factors also work the other way. When demand increases while 
supply remains the same, prices move upward. It happens as often one 
way as the other. 

Price ^'ups and downs'' occur in the livestock market as well as in the 
retail store. When large supplies of animals arrive, the tendency is for 
prices to decline, unless demand for meat suddenly expands. Meat, ex- 
cept that part of it that is cured — such as hams and bacon — must be 
marketed promptly; it cannot be held for a shortage to develop or a period 
of increased demand to come about. It must be marketed promptly, 
and when supplies are larger than the demand, the price naturally de- 
clines. 

In tbe same way, the old, old economic law works upward from meat 
to livestock, \Wien the demand for meat is brisk and the supply rela- 
tively short, livestock is in greater demand and prices naturally move 
upward. And here, as in the case of meat, the price factor worlcs both 
ways. Over a long period, the ''ups” are just as frequent as the "downs,” 
and the range is just as varied. 

There naturally is a substantial difference between the price which the 
farmer receives for his livestock and the price the consumer pays for such 
cuts as steaks, chops, and roasts in the retail meat shop he patronizes. 
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The thing chiefly responsible for this price difference is the fact that 
the animal is not all meat In general, only about 50 to 55 per cent of 
the live weight of cattle, 45 to 50 per cent of sheep, and 70 to 75 per cent 
of hogs is meat. Moreover, a meat animal is made up of different parts, 
which, to the retailer, become a variety of cuts. When one of these cuts 
is produced, all of the others are too. No farmer has been able to develop 
a steer that is all steak or a pig that is all pork chops, hams, and bacon. 
Notwithstanding this fact, many consumers appear to know only a 
cuts and use them to the neglect of many other parts from which ap- 
petizing and nourishing meat dishes may easily be prepared. 


Financing: Capital and Profits 

From a financial standpoint, the meat-packing industry is characterized 
by large volume, rapid turnover, narrow margins, and moderate returns 
on investment. 

In value of output, the industry is one of the largest, with aggregate 
annual sales in excess of §3,000,000,000 and a total capital investment of 
perhaps §715,000,000. This tremendous business has been conducted on 
margins of profit that, in recent years, have averaged under 1 cent on each 
dollar of sales. Even with the very rapid turnover obtained in the 
dustry, the return on owners^ investment in recent years has averaged 
less than 6 per cent annually. 

The rapid turnover is due, in part, to the perishable nature of meat and 
some by-products ; in part, to the prevailing practice of buying and selling 
largely for cash. The principal expenditures of packing companies are 
for livestock, all of which are paid for on the day purchased. Terms to 
customers rarely exceed 7 days on meats and other principal packing- 
house products, although slightly longer terms are sometimes extended on 
by-products and related items. Sales from one packing company to 
another are normally settled on the sight-draft basis. 

In spite of the fact that a great many meats and meat products are sold 
within a few days after the purchase of the livestock from which they ai*® 
produced, merchandise inventories frequently represent the largest class 
of assets owned by packing companies. Total current assets — ^including 
inventories, accounts receivable, and cash — ^will normally make up fmm 
50 to 60 per cent of the total assets of a meat-packing company; whereas 
an average for all industries will probably be nearer 35 per cent, and 
some — ^like timber and mining companies — usually have not more than 
20 per cent of their property in the form of current assets. As a result of 
this distribution of assets, the financing of packing companies tends to be 
more generally in the form of long-term funded debt than is the case vdth 
many industries. 

One other factor influencing the financial policy of meat-packing com- 
panies is the seasonal accumulation of meat, which takes place during 
the winter months, when receipts of livestock are hea\y. Total stocks of 
products stored by the industry are usually from 40 to 100 per cent greater 
on the first of May than on the first of November. This accumulation 
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of products requires substantial short-term financing by the packing 
companies. Borrowings are liquidated from the proceeds of sales as the 
stocks arc worked down during the summer months. 

The Importance of Meat as a Food 

The best diet for the average person to consume is a well-mixed diet 
composed of a variety of foods. Such a diet should include green leafy 
vegetables, fruits, milk and other dairy products, and an abundance of 
high-quality animal proteins, such as meat supplies. 

Proteins are the essential building materials of the body, indispensable 
to proper growth, repair, and good health. Meat supplies proteins of 
high quality and ready digestibility. 

Meat is also an important source of fat, a great energ^^-producing food. 
Lean meats, since they are nutritious but furnish only modest amounts of 
calories, are recognized as especially important in the nonfattening diet. 
The fatter meats, however, arc very rich in calories. Meats such as 
bacon and salt pork arc among the richest of all foods in energy content. 

Meat is a good or excellent source of iron and phosphorus, and supplies 
in good quantity most of the other minerals needed by the body. It is 
low in calcium, however, and one should use milk, vegetables, and other 
hme-rich foods to supply this need. Most of the vitamins also are found 
in meat, some in modest amounts only, but others, such as riboflavin 
(Vitamin G) and the pellagra-preventing vitamin, and, in the case of lean 
pork, thiamin (Vitamin Bi), are supplied abundantly. Parts of the 
animal such as the liver, kidneys, heart, tongue, thymus, and pancreas 
are excellent sources of both protein and minerals and, in addition, are 
rich in many vitamins. 

The muscles of the meat animal that are exercised the most are gen- 
erally not so tender as the less-used muscles. Cuts from these muscles, 
however, have an unusually fine flavor, and they have the added attrac- 
tion of being relatively low in price. When properly cooked, they pro- 
vide tasty, economical, and nutritious food. 

Meat may be eaten in widely varying abundance, according to individ- 
ual needs and tastes. Usually, it forms the basis of the diet, both from 
the planner's and the diner's standpoint, and successively higher income 
groups increase the quantity of meat in their rations as fast as they are 
financially able to do so. Some of the healthiest people on earth are the 
Eskimos and other groups which, for centuries, have lived on an almost 
exclusive meat ration. - 

Legislation Affecting the Meat-Packing Industry 

The meat packer, since he stands midway between the producers of 
livestock and the consumers of meat, naturally has been a target for 
criticism from one group or the other whenever meat prices have been 
unusually high or livestock prices unusually low. ’ ^ ' 

One reason for the criticism lies in the complexity of the industry itself 
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and the obvious difficulty of making clear to the consumer, on the one 
hand, vhy steak sells for 40 or 50 cents a pound vdien cattle sell for 10, 
and to the producer, on the other, why, when steak sells for 50 cents a 
pound, the packer cannot pay an equal amount for livestock. 

The answer, of course, is that onlj^ about half the steer is meat and 
not all that half is steak (only a small percentage is, as a matter of fact) 
and that not even all steak sells for anything like 50 cents a pound 
Moreover, some of the much more abundant cuts may bring only a little 
above cost or, in some cases, even less than cost. 

Through the development of by-products, the meat packer, from time 
to time, is actually able to pay the producer more for his cattle than their 
meat is to bring. The profits of packers, although seemingly large in 
total volume, are usually very small as compared with their sales volume 
(often the largest of any manufacturing industr^’^s in the United States), 
or with the investment required, or with the profits of most manufactur- 
ing industries. 

As early as 1889, following a period of low prices of livestock, a United 
States Senate committee investigated the meat-packing industr}’, witli- 
out result, for evidence of combination for the purpose of lowering the 
price of cattle. 

In 1912, several meat packers were tried on a criminal charge of re- 
straining trade but, after a jury trial, W'ere declared not guilty. 

Tollowing another agitation by livestock producers, tlie Federal Trade 
Commission investigated the larger packers in 1917 and 1918 and issued 
a denunciatoiy report. The packing industry, as well as impartial ob- 
sewers, believed that the Trade Commission had made an unfair and 
biased investigation. Inspection of data collected by the Federal Trade 
Commission by special attorneys employed by the Attorney-General and 
a grand-jur^’ investigation failed to provide grounds for an indictment. 
Kevertheless, considerable public sentiment had been aroused by the 
publicity given the report of the Federal Trade Commission. To allay 
this feeling, the five larger packers agreed to what is knovm as 
“Consent Decree,*’ whereby they w'ere to divest themselves of food lines 
other than meats and meat, daiiy^, and poultry products. The decree 
specifically said that the packers were not adjudicated guilty of unlaw- 
ful acts and that the Consent Decree did not constitute an admission of 
guilt. 

Following the report of tlie Federal Trade Commission, many bdls 
were introduced into Congress to restrict the packing industry. The 
Packers and Stockyards Act was passed in August, 1921. It does not 
contain some of the radical features that vrere included in earlier faiH= 
but it gives the Secretary of Agriculture rather wide powers of regula- 
tion. Many have believed that the establishment of Government super- 
vision of the packing industiy- is fraught viiih grave dangers. Wliether 
or not it harms the industiy^ depends upon how the law is administered- 
So far, it has been administered in an impartial and constructive way? 
but one dislikes to contemplate what might happen if, during future 
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political changes, the administration of the law should fall into the hands 
of prejudiced and unscientific men* 

The American Meat Institute 

The American Meat Institute, whose headquarters are in Chicago, is 
the trade, research, and educational association of the American meat- 
packing industry. The Institute conducts scientific and practical re- 
search, collects and distributes statistics of the meat and livestock in- 
dustries, develops and issues publications and news announcements in 
behalf of its industry, conducts advertising campaigns, counsels its 
members as to product standards, operating or accounting procedures, 
and waste elimination, and offers employee training courses. Research 
of various kinds is carried on both in the laboratories of the Institute 
and, in some cases, in the laboratories of colleges and other scientific in- 
stitutions, with funds supplied by the Institute, In furtherance of the 
industry's educational program, an Institute of Meat Packing has been 
established at the University of Chicago, conducted jointly by the Uni- 
versity and the American Meat Institute. Educational and research 
activities are carried on also by the larger companies in the industry. 
The American meat-packing industry is eager to keep improving its op- 
erations and its service to producer and consumer* 
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The Fishing Industry 


Early History of the Fishing Industry 

Fishing possesses an ancestry perhaps as ancient as man himself. 
The earliest fisherman undoubtedly secured his prey by means of his 
bare hands. This method, we may surmise, was first exercised on fish 
left stranded in shallow pools by receding tides, or on fish spawning in 
shallow waters near shores. Shellfish — such as oysters, clams, and mus- 
sels — could be gathered on the shores between high and low water with- 
out the aid of anj^ instrument. 

The spear probably was the original instrument fashioned by man to 
secure fish lying in pools too deep for hand fishing, and then later for fish 
in open waters. The occasional loss of a speared fish perhaps suggested 
spurs or barbs, and a development of the spear harpoon with side barbs. 

Fishing with a line of some sort was devised doubtless by a meditative 
Magdalenian observing how dropped morsels were seized by fish in a 
pool, the depth or environment of which made hand or spear fishing im- 
possible. A thorn or a similar object serving as a hook attached to the 
line probably solved the problem of reaching and landing the fish. 

The sequential development of fishing suggests the net as the last 
implement invented by primitive man for the catching of fish. Primitive 
nets were probably made by plaiting twigs or small branches of trees, 
tough grasses, the silk of cocoons, and many other materials. 

The early Greeks and Romans fished with spears, hooks and lines, rods, 
and nets. Fishing, down to Roman times, continued to be more of a 
distinct trade than was the pursuit of animals and birds. The net, a 
quicker and surer implement, was principally used by the trade fishermen. 
Egyptians used all four methods of fishing in the Nile by 2000 b.c., while 
in China the earliest mention of fishing occurs 1122 b.c. In Assyria the 
hook and line and the net are the methods of fishing recorded Hand 
lines and nets were employed in Israel, where fishing was a principal 
means of procuring food. Every knovm method of fishing has been em- 
ployed in China for thousands of years. In no other country except 
Japan is so much food derived from the water. 

Early method of preservation. Preserving fish by means of salt was 
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Grand Bank of Newfoundland, Green, St. Pierre, Banquereau, Misaine, 
Canso, Sable Island, Sambro, Roseway, La Have, Brovui^s, Seal Island, 
and Georges. 

All along the continental shelf within the lOO-fathom cum are 
numerous rocky ledges, sand and mud patches, which are favorite fishing 
grounds for various species of bottom-feeding or demersal fishes. Be- 
tween Cape Cod and Cape Hatteras there are no iniportant offshore 
banks beyond the lOO-fathom curve. There are, however, several exten- 
sive seasonal fisheries between the Gulf Stream and the coast, including 
the tile fisher3% which is conducted along the edge of the Gulf Stream 
from about 80 miles off the coast of New Jersey southward to Marjdand 
Off the Virginia Capes, an extensive winter fishery has been conducted 
for the past -several years by vessels hailing from more northerly ports, 
principally Gloucester, Boston, and New York. During the winter 
months this fishery furnishes sea bass, porgies (scup) , fluke, and se%’eral 
other varieties which, prior to the establishment of this fisherj’', were 
available only during tlie summer months — and then only from the in- 
shore fisheries from Cape Charles to Cape Cod. 

The fisheries of the South Atlantic and Gulf differ as greatly' from 
those of the North Atlantic as the agricultural products of the northern 
regions differ from the products of the South. The Gulf Stream, flowing 
through the Straits of Plorida, follows the general contour of the coast . 
until it reaches Cape Hatteras, *where the waters of the Arctic Current, 
flowing in an opposite direction, are interposed betw’een it and the coast. 
From this point and northeastward the Arctic Current forms a cold wall 
of water covering the continental shelf upon which are the fishing grounds 
of the North Atlantic. South of Cape Hatteras, the influence of the Gulf 
Stream extends practically to the shore line, and it is in this warmer 
water that lie the fishing grounds of the South Atlantic. 

North Carolina occupies a unique position regarding the coastal fish- 
eries, as its naost easterly point. Cape Hatteras, is the southern limit for 
several species of fish common in the more northerly waters^ these are 
the cod, tautog, porg^-, and mackerel. It is also the northern limit for 
many species characteristic of the waters of Florida and the West Indies 
North Carolina has the most remarkable coastal section of an}’’ state 
bordering the Atlantic seaboard. The peculiar character of this region 
has a great influence on the variety and abundance of fish life and has 
lavored the development of most extensive fisheries. The outer shore, 
m the northern and central portions of the state, is simply a bar of sand 
separating the waters of the ocean from those of an enormous inland- 
wOunc sjfttcm. The sounds communicate with the ocean either directly 
tlirough narrow inlets or tlirougli other sounds. ]\Iany receive tlie drain- 
age of important streams. The sounds in geographic order are; Cur- 
ntuck, Albemarle, Roanoke, Croatan, Pamlico, Core, Bogue, Stuinpr 
Topsail, ^riddle. Masonboro, and Alyrtle, and they constitute a serif 
Tn Tliis area, besides containing valuable 

fP . of fish and shellfish, is e.\cecdingly important as a spawning 
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ground and nurseiy for shad, alcwivcs, striped bass, and other migratory 
fishes. 

Off the shores of South Carolina and Georgia, at a distance of 10 to 
20 miles, in from 10 to 18 fathoms of water, there is an irregular coral 
bank broken up into patclies, several miles in extent, extending along the 
entire coast. The abundance of food on the banks, together with the 
shelter afforded by the corals, make them the favorite feeding grounds of 
immense schools of fish, chief of which is the blaekfish, in consequence of 
which the grounds arc known as '^Blaekfish Banks/^ 

Along the shores and in the rivers and lagoons southward to Key West, 
vast quantities of fish, shellfish, turtles, terrapin, and shrimp arc taken 
and shipped to markets throughout the countiy. 

The fishing grounds along the shoves of the Gulf states are quite ex- 
tensive, and while they furnish many highly esteemed varieties of food 
fishes — including the sheepshead, pompano, several varieties of snappers, 
and groupers — ^thc fisheries of this region are not especially impoilant 
when compared with those of tlic other geograpliical divisions of the 
coastal states. 

Off the coast of Alaska and extending all along the Aleutian Islands 
are extensive banks on which halibut are taken. Cod, sablcfish, and 
herring are also important fisheries of the North Pacific. The salmon, 
which is the most valuable of the Pacific Coast fisheries, are taken piin- 
cipally in traps, pound nets, and gill nets in the rivers and inland waters 
of Alaska and southward to Central California. The tuna fishery, con- 
ducted off the coast from Central California south into jMexican waters,* 
is second in importance onlj^ to that of the salmon; it also ranks among 
the most important of the fisheries of the world, American fisheimen 
produce annually more than 20 per cent of the world's catch of these fish. 

Shad and striped bass, transplanted fiozn the Atlantic to California 
waters many years ago, now populate practically all coastal waters from 
the Sacramento River in California to Puget Sound; they suppoii, exten- 
sive fisheries throughout that entire region. 

The vessel fisheries. The vessels engaged in offshore bank fishing 
are of three general types: the two-masted schooner, equipped with an 
auxiliary gas or oil engine; the dragger, or small trawler, equipped with 
a Diesel engine; and the large steam, or Diesel trawler. Line fishing, 
either hand line or trawl line, is exclusively employed by the schooners. 
The draggers and larger trawlers use a conical-shaped bag net, which is 
dragged on the bottom behind the vessel. The schooners range in size 
from a few gross tons to 60 or 70 gross tons; the draggers, from 50 to 
200 gross tons; and the trawlers, from 300 to 500 gross tons. 

Vessels fishing in inshore waters are of several types, including the 
small motorboat, the sloop, the ketch, the schooner, and the dragger. 
These are also to be found all along the Atlantic, the Pacific, and the Gulf 
Coasts, modified only to meet peculiar conditions or the kind of fishing in 
which they are engaged 

On the Great Lakes, a peculiar type of vessel is employed to transport 
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the fish taken in the offshore traps to the shore plants. These vessels 
are called “tugs^^ and are built somewhat like the ordinary harbor tug- 
boat, except that the deck is housed in, permitting the sorting, preparing, 
and packing of fish for market while returning to land. 

Menhaden vessels, considerably larger than the trawlers, are equipped 
principally with steam engines. Some of the newer vessels, however, 
are propelled by Diesel engines. The superstructure of these vessels is 
usually at the after part of the deck, leaving a large section of the forward 
deck free for receiving the fish as they are bailed from the seines. 

Off the Pacific Coast states, factory ships are employed in the sardine 
and herring industries. Fleets of smaller vessels supply these factor}’ 
ships or floating canneries wdth the raw material, which is packed in cans 
of various sizes. By-products manufactured from the residue and fac- 


tory waste are oil, meal, and fertilizer. 

Diesel engines are rapidly displacing other means of suppbdng motive 
power in practically all modem fishing vessels. Diesel-driven fishing 
vessels develop greater speed, require less bunker space for fuel, and, m 
general, are more economical to operate. The holds of the modem 
trawler are insulated and some are equipped wdth mechanical refrigerat- 
ing facilities. 

Vessels furnish a large paid: of the fish with which our markets are 
supplied. The vessels, except those of the offshore bank fishermen, 
along the shores within 100 miles of the coast. The mackerel fisheries of 
the Gulf of Blaine are the most important in the world. In the vicinit} 
of Cape Hatteras, these fish make their appearance early in April and are 
sought by a great fleet of vessels, the majority of which hail from tno 
New England States. The vessels are, for the most part, the same that 
fish on the banks for cod, haddock, and halibut, after the mackerel season 
is ended. 

Herring furnishes one of the most important fisheries of both the East- 
ern and Western coasts. It is a valuable species, from the young fish 
few inches in length, which supplies the Eastern sardine-canning industn 
with its raw material, to the mature herring, vast quantities of w’hich a^^ 
used in the fresh, salt, and smoked fish trades. Considerable quantib^^ 
of herring are used as bait b}" the line fishermen for the capture of coa, 


haddock, and otlier ''ground,” or demersal, fishes. 

In addition to the species alreadj^ mentioned, tlie flounder, bluefi^h, 
weakfish, scup or porgie, tilefish, sea bass, menhaden^ and several otiio^ 
support important vessel fisheries, of which the most important from th^, 
standpoint of tonnage landed is that of the menhaden. This fish is 
great commercial importance, although sparingly used as food by niaa 
It is one of the most abundant of all ocean fishes, and its range exten^ 
along the entire Atlantic and Gulf Coasts. The products manufactmea 
from this fish are oil, fertilizer, and fish meal. 


Nets and Traps 

Enclosures formed by fences of wooden stakes and intcrtvnncd ^*5^^ 
branches placed at advantageous places in stream, lake, or sea have loo? 
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been employed in the fisheries* The openings of such traps are so placed 
that the natural course of the fish leads into the trap, and once in, it is 
difficult for them to find the exit. There arc many variations in the form 
and construction of traps used in American fisheries. The most primitive 
of these is the weir. 

Weirs. Weirs of brush, “brush weirs, are extensively used in the 
sardine-herring fisheries of Maine. The main body of the weir is a large 
circular or heart-shaped enclosure formed by driving posts, and smaller 
stakes in between, into the bottom of a bay or river. These smaller 
posts are usually fastened together by stringers attached to the tops of 
the larger posts. Fine brush is then interwoven between the small posts 
completing the enclosure. Netting or webbing is sometimes used in place 
of branches. 

Pound nets. The principle employed in the construction of pounds 
is similar throughout the entire length of the coast, but the types range 
from the small inshore, single-heart trap to the very large elaborate 
pounds, set in 10 to 15 fathoms of water. In its simplest form the pound 
net consists of three parts: first, the leader, extending from shore or shal- 
low water into deeper water and deflecting the fish into the second part; 
second, the heart, a heart-shaped enclosure with its apex at the mouth of 
the trap and its sides extending shoreward and outward from the end of 
the leader, its ends curv^ed in toward the leader as well as toward the 
mouth of the trap; and third, the “pot'’ or “crib," usually rectangular in 
shape, in which the fish are captured. The leader is formed by poles 
driven down into the bottom, connected with coarse-raeshed webbing, 
extending from the bottom to or slightly above the surface of the water 
at high tide. The bottom of the pot is covered with netting, which can 
be raised when the trap is fished. The entire pound, including the leader, 
is supported by poles driven into the bottom, set at intervals to conform 
to the shape of the heart and pot, and in sufficient numbers to prevent 
the trap from being carried away .by rough seas. 

Fyke nets. The fyke net is a long bag distended by a series of hoops, 
with or without side wings, which serve to deflect the fish into the funnel 
mouth. The hoops vary in number from 2 to 15 and in diameter from 
2 to 6 feet, the first hoop being generally larger than the others. This 
form of gear is largety used in fresh-water fisheries for such species as 
carp, buffalo fish, catfish, perch, and so forth. 

Eel pots. Eel pots arc in general use along the Atlantic Coast from 
New York to the Carolinas. They are made of splints, wire netting, 
barrel staves, laths, or rattan. The length of the pot ranges from 18 
inches to 3 feet. The usual type of pot has a funnel at one end made of 
netting 8 to 15 inches in depth. The other end is filled in witli a piece of 
netting which may be opened and closed by means of a purse.string. The 
pots are baited and arc usual!}" set singly, but in some localities they are 
set in strings of from 10 to 60 and from J 5 to 60 feet apart. Bait con- 
sists of crabs, shrimp, clams, menhaden, firii heads, and so forth. 

Lobster pots. Lobsters arc captured in traps called “pots*" These 
vary in shape and dimension in many sections of the countiy but operate 
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on the same principle. In general, they consist of oblong lath boxes in 
which bait is placed. They have one or more funnel-shaped openings 
through which the lobsters pass in their search for food. They are 
usually about 4 feet in length, 2 feet in wddth, and 18 inches in height. 
The funnels are about 1 foot deep, and therefore extend about halfway to 
the center of the pot. The captured lobsters are removed through a 
door located at the top of the pot. 

Seines. These nets are long and usually rectangular. The upper 
edge is provided with floats and the lower edge with sinkers, to keep the 
netting distended while the fish are encircled and drawn out on shore or 
on a landing platform. Seines may be generally divided into two classes: 
the hawl, drag, or beach seines and the purse seines. The former arc 
employed in relatively shallow water along the shores of rivers and in 
bays, while the latter are generally used in the deeper waters of bays and 
the open sea in the capture of fish which school at or near the surface. 
VThen a school of fish is sighted, the seine is laid around it and the bottom 
pursed or shirred together by the purse line, to prevent the fish from 
settling and thus escaping. This type of gear is extensively used in the 
menhaden and mackerel fisheries. 

Gill and trammel nets. As the name implies, fish are caught in gill 
nets by becoming entangled in the netting, the size of mesh being deter- * 
mined by the particular fisliery in which the net is to be emploj'ed. The 
mesh permits the passage of the head of the fish, but not the body; thus 
the fish is ^‘gilled’^ and* cannot escape. To be effective, such nets must 
be obscure in the water and of sufficient strength to hold the strugghng 
captive without tearing the net. For fishing, the nets are either anchored 
or staked, or are pennitted to drift with the tide or cmTent. They ma} 
be so hung as to fish at the surface, or at intermediate depths, or at the 
bottom. Trammel nets represent a modification of the gill net. Instead 
of a single netting, there are three parallel lines of webbing, the outsid^ 
w*ebs being coarse-meshed wiiile the inside w’eb is fine-meshed The fisn 
swims into the outer w’eb. hits the fine mesh, canning it through one of the 
meshes of coarse webbing on the opposite side, thus forming a pocket 
from w’hich it cannot readily escape. Trammel nets have an advantage 
over the regular gill nets in that the fish wdll remain alive for a much 
longer time. 

Otter trawl. The trawd net is a large, flattened, conical bag, the mouth 
of wdiich is held open by tw^o boards (doors) , one on each side, to which 
are attached towing warps by chain bridles. These are so adjusted that, 
as the trawd is tow’ed along over the bottom, the resistance of the water 
causes the boards to pull aw'ay from each other, each board and attached 
w^arp operating on the same principle as a kite. The nets are about 150 
feet long, the foot line about 140 feet, and the head line about 110 feet at 
the mouth. The head line holds the top of the mouth considerably 5^ 
advance of tlic bottom wdien being tow’ed. 

Beam trawl. The same of net is used for beam trawding as fo|^ 
otter trawling, but in this the bag is attached to a beam, with iron frames 
or runners as its ends. The runners serve to prevent the net from bur 3 daS 
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in the mud and to aid in keeping the mouth of the bag distended. The 
beam trawl is not as extensively used in commercial fishing as formerly 
but is employed largely in scientific collecting. 

Paranzella net. The paranzella has been in use on the Mediterranean 
for a long period of time and was introduced into the California fisheries 
about 1880. The net is heavy and strongly constructed and is used prin- 
cipally in the capture of soles and flounders. It is rectangular in cross 
section, with a door at the posterior end for removing the fish. The net is 
towed by vessels separated from each other by a distance of about 250 
yards. 


Fishing Industry of the United States 

It is quite certain that the Newfoundland fisheries were knowm to 
Biscayans and Normans as early as the year 1504. Four years later 
Thomas Aubert sailed from Dieppe to Newfoundland to engage m cod- 
fishing, and before returning to France explored the Si, Lawrence River. 
In 1517, 50 ships of different nations were fishing regularly on the New- 
foundland Banks. During the following ^''cars the number of vessels 
fishing in these waters was greatly increased. Before the year 1600, 
there were 150 French, 100 Spanish, 50 Portuguese, and 200 English 
vessels engaged in this fishery. These fisheries were regarded as one of 
the greatest sources of wealth then known to the world. Colonics were 
established in connection with the enterprise, first in Newfoundland and 
then on the mainland. 

There is little doubt that the Pilgrims were drawn from Holland to 
America as much because of the fisheries as for a haven of religious free- 
dom. At that time the Dutch fisheries were at the highest point of pros- 
perity, and all Europe w'as intent on planting fishing colonies at New- 
foundland and ‘on the shores of New England. From the moment that 
Cabot discovered our continent in 1497, it had been known to the people 
of Europe that our waters teemed with fish. When the Pilgrims sailed 
from Holland in 1620, they were as well informed as others, and it is 
evident that the influence of the fisheries was a deciding factor in the 
selection of America as their final objective. 

These colonists brought with them the arts of sousing and pickling fish, 
and the descendants of the Pilgrims are still pickling fish around Cape 
Cod, particularly in Gloucester. The city of Gloucester was founded in 
1623, mainly for the purpose of conducting fishing operations, and at no 
time has this been secondary to any other enterprise. The cod is pre- 
eminently the fish sought, and as it brought succor to the colony in early 
times, it was designated as the “Sacred Cod.'' 

Influence of fisheries. The interval between the discoveiy and settle- 
ment of North America is often legardcdi as a mere blank, and the 
opinion is prevalent that our fisheries have no history, except such as 
relates to the quantity and quality of food which they annually produce. 
But fishermen were the pioneers of British and French chilization in 
America, The intercourse they maintained between the two continents 
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kept alive desires which otherwise inight have become extinct. The 
arrival upon our coasts of hundreds of fishing vessels within a century of 
its discoveiy gave rise to events that determined the economic and politi- 
cal history of the country. 

During the four years after the landing of the Pilgrims, these colonists 
suffered severe hardships and starvation, and many died. The sur\’ivors 
"subsisted principally on various kinds of shellfish that could be easily 
procured. In 1623 they were reduced to a single fishing boat, which 
although not seaworthy, helped in securing the fish on which they sub- 
sisted all that year. 

The beginning of the fish industries in the colonies. In 1624, how- 
ever, conditions had so far improved that the colonists sent a ship to Eng- 
land laden with fish, cured vdth salt of their own manufacture; and the 
following year they dispatched two others with fish and furs. In 1626 
they opened a trade with the deep-sea fishermen of Monhegan and com- 
menced voyages to different parts of Maine to procure fish and furs. Two 
years later we find them selling the products of the sea, as well as com, 
to the Dutch on “Hudson^s^' River. 

These trading operations of the Pilgrims may be considered to be the 
beginning of the fishing industiy^ in the colonies. While fishing had been 
carried on by European vessels on the banks, and colonists engaged m 
fishing to supply their owm needs, the Pilgrims were the first to export 
fish to Europe and to trade in fish with the other colonies. 

New England fisheries in 1850. With the groni.h of the colonies and 
the establishment of new ones, there was a corresponding development of 
the fishing industry. There are no reliable statistics available prior to 
the year 1850, and so for that year only the codfish and mackerel as 
cured and packed are considered. Table I, covering the New England 
fisheries for the year ended June 1, 1850, was compiled by the United 
States Census Office: * 


Table 1 


STATISTICS FOR NEW ENGLAND FISHERIES 
FOR YEAR ENDED JUNE 1, 1850 


State 

Capital 
Iniesicd 
in Dollars 

J/en 

Employed 

Quintals 

Codfish 

Barrels 

Mackerel 

Value of 
Producls 
in Dollar's 

Maine 

$491,430 

2,732 


15,241 


New Hampshire. . . 

42,700 

300 

19,550 

1,060 

59,2S1 

Massachusetts . . . 

2,127,885 

7,917 

215,170 

236,468 

2,188,441 

Connecticut 

279,300 

911 

— 

— 

261,683 


$2,941,315 

11,860 

407,814 

252,769 

$3,067,655 


On the basis of quintals at 112 pounds and barrels at 150 pounds, the 
total quantity of cod and mackerel packed would be 83,591,000 pounds 
for the first three states named; based on the average value in these states. 







THE FISHING INDUSTRY 


95 


the quantity packed in Connecticut would be 7,811,000, or a grand total 
for the New England states of 91,402,000 pounds. 

Growth of the New England fisheries. According to a statistical 
report of the United States Eish and Wildlife Service covering these 
same New England fisheries 90 years later, there were produced 158,- 
000,000 pounds of cod and mackerel, having a value of $4,000,000. Dur- 
ing the past several years the average annual production of all the New 
England fisheries exceeds 700,000,000 pounds, valued at approximately 
$25,000,000. The haddock has become one of the most important of the 
New England fisheries. Recent improvements in manufacturing tliis 
fish into fillets has developed a market demanding vast quantities, which 
arc distributed throughout the entire United States. 

The growth of the industiy in the United States has been remarkable. 
Large quantities of sea, river, and lake fish are shipped fresh to all parts 
of the country. An enormous quantity is used for canning, curing, and 
salting. In addition, shellfish — including oysters, clams, lobsters, and 
shrimps — supply the raw material for a great number of canneries as 
well as the demands of the market for fresh products. 

The great fishing centers. The principal fishing ports of the United 
States in geographical order arc: Portland, Maine; Gloucester, Mass.; 
Boston, Mass.; New York, N. Y,; Philadelphia, Pa.; Baltimore, Md.; 
Savannah, Ga.; Jacksonville, Fla.; Mobile, Ala.; New Orleans, La.; Gal- 
veston, Texas; San Diego, Cal.; San Francisco, Cal.; Portland, Ore.; 
Seattle, Wash ; Ketchikan, Alaska; Bay City, Mich.; Chicago, 111,; 
Sandusky, Ohio; Cleveland, Ohio; Erie, Pa.; and Buffalo, N. Y. Scat- 
tered all along the Atlantic, Gulf, and Pacific Coasts, as well as along 
the shores of the Great Lakes and many of the inland rivers, are villages 
and towns whose principal industry is fishing. Many of these villages 
were originally small groups of huts used bj^ fishermen on the shores in 
close proximity to fishing grounds. A considerable number of these 
villages have grown into towns and cities and are now popular as sum- 
mer resorts. The larger cities, such as New York, Boston, and San Fran- 
cisco, are distributing centers as well as landing ports. Fishery prod- 
ucts are shipped to these centers from all parts of the United States and 
Canada, and large quantities are reshipped throughout the nonproducing 
areas. 


Modern Methods of Commerciai Fishing 

The schooner. The greater part of the catch of fish in the United 
States is taken by vessels. These range from the small motorboat to 
the modern trawler. The schooner, which originated in Gloucester in 
1713 and which is the only type of sailing vessel that is purel}^ American 
in character, has been used in the fisheries continuously since that time. 
These vessels were formerly equipped with two masts, topsails, and a 
main sail of great size, a foresail, and a jib. They are now built without 
topmast and topsails, and are equipped with auxiliary gas or oil engines. 

Schooners employ different types of gear according to the fishery in 
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which they are engaged. In the mackerel, herring, and menhaden fish- 
eries, purse seines are used; in the blue fishery, hand lines are the prin- 
cipal gear; while in the weakfish and shad fisheries, and also in the cap- 
ture of whitefish, the gill net is extensively used. Tlie Spanish and king 
mackerel, the red snapper, and man}^ of the Southern varieties are taken 
on hand lines. The salmon of the Pacific Coast are taken in traps, al- 
though a few are taken on trawl lines. 

There are a great many small vessels engaged in local fisheiy opera- 
tions. These boats are equipped with either crude oil or gasoline en- 
gines and are used principal!}’’ in the flounder and scallop fisheries. 

The sloop, a vessel with a single mast, is being rapidly displaced by 
the powered schooner and the motor trawler. 

Line fishing. On the banks, line fishing is still an important method 
of taking cod, haddock, and halibut. This method is employed mainly 
by schooners in the salt-fish trade. Fishing is done from dories, and 
either hand lines or trawl lines are used. Hand lines are made princi- 
pally of cotton and are of sufficient length to reacli bottom; they are 
equipped with a sinker and hook, which is baited until herring, squid, 
or “pogy’^ (menhaden). Trawl lines are made of the same material a? 
hand lines but are usually of heavier weight. These lines range in lengt' 
from 1,000 to 5,000 feet and are equipped unth ‘'gangings” (lines about 
3 feet long) at inteiu-als of 6 feet, to which baited hooks are attached 
At each end of the trawl an anchor and a buoy are employed to sink the 
line and to mark its location. The trawls are set in a suitable place and 
raised twice daily to remove the fish. A schooner may operate from 
10 to 100 of these trawls, depending on weather and fishing conditions 

The otter trawler. The otter trawler is the most recent development 
in fishing vessels and is most effective in the capture of haddock, cod, 
flounders, and other bottom-feeding fishes. These vessels are exclu* 
sively employed in the fresh-fish trade. Enormous quantities of fi'j 
are taken and rushed to the markets of Boston, Gloucester, Portland, 
and New York. The larger trawlers fishing the banks are usually oper- 
ated on a schedule. They leave port at a certain time, a prescribed tune 
is set for fishing, and the return to port is determined to keep the markets 
constantly supplied with fresli material. These trawlers are equipped 
with radio apparatus and are in constant touch with their owners and 
other vessels in the fleet. 


Preparation for Shipment 

Fish that are landed fresh at points remote from distributing markets 
are packed in barrels or boxes for shipment. Uniform packages are 
generally used, boxes containing 50 pounds, 100 pounds, and 150 pounds 
of fish. Halibut and codfish are usually packed in 100-, 200-, and oOO- 
pound boxes. Mackerel are packed in barrels containing 150 pounds. 
llTien barrels are used for other varieties, 200 pounds is the quantH) 
packed. 

The method of packing is as follows: A layer of cracked ice is put 
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the bottom of the container; a layer of fish is thei\ placed on this bed of 
ice, another layer of ice is spread over the fish, and on this is placed 
another layer of fish. The process is repeated until the package is filled. 
Invariably the top layer is of ice. The cover of the package is then 
fastened on, the package is tagged, and delivery is made to the trans- 
portation company. 

Vessels and boats landing their fares directly at the wharves of a 
canning or manufacturing plant have the fish removed by means of 
conveyor systems or baskets. The fish are received at the plant in a 
huge hopper, from which they are automatically conveyed to the wash- 
ing and cutting sections. 

Packaged fish. Fresh fish in packages for retail distribution consti- 
tutes the most important development within the past decade. Large 
fish, such as halibut and cod, are cut into steaks; haddock and hake, 
flounder or sole, and other fish of medium size arc filleted; smaller fish, 
such as butterfish, sea bass, porgies (scup), and whiting, are dressed 
ready for cooking. 

Consumer demand for prepared fisJi has enronragod the development 
of fisheries for several species hitherto unknown in our markets, except 
in areas local to such fisheries. Among the species prepared in filleted 
form that have gained in popularity and in consequence have become 
important products are the rosefish (perca marina) marketed under the 
name of “sea perch” or 'hed perch,” groupers, red snappers, and a few 
varieties of fresh-water fish. The fish are prepared in large plants near 
points of production Much of the work of cleaning, wrapping, and 
packaging is done by machinery. 

The advantages of packaged fish are numerous. The entire piece 
purchased by the consumer is edible; the price charged for it is full}’' 
competitive without any allowance for waste; there is no cleaning to be 
done by the purchaser, and the fish is ready to be broiled, fried, or other- 
wise cooked without further preparation; the shipping weight of the fish 
is reduced; the waste, which is usuall}’' about 50 per cent of the round 
fish, remains in the hands of the producer; package^d fish receiA^e a more 
careful and cleanly handling all along the line from producer to consum- 
er, for the reason that they are wrapped, are more delicate, and will not 
endure the rough handling that round fish are subjected to. 

Freezing for preservation. Refrigeration is the only method of pre- 
serving that keeps fish in essentially their original condition over long 
periods and during transportation over long distances. Fish are highly 
perishable and the supply is highly irregular. Nearly all fish are migra- 
tory, and they have their seasons of abundance and scarcity. Weather 
influences the capture, and chance plays an important part in locating 
schools of fish. T])e causes that influence fluctuations in demand bear 
no relation whatever to the causes that control the supply. Under such 
circumstances refrigeration is absolutely necessary in order that the 
industry may meet the demand with the available supply without ruin- 
ous waste. 

Fish entering a plant to be frozen arc first washed and then placed in 
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large pans, in ^vhich they are conveyed to a sharp freezing room, where 
a temperature of about 15 degrees below zero F. is maintained. '\^nien 
the fish are solidly frozen, they are packed in boxes and placed in stor- 
age rooms where the temperature is held at from 0 to 5 degrees above 
zero F. 

Brine freezing, popularly known as “quick freezing, “ is used prin- 
cipally in connection with fillets and other packaged fish. The fish are 
either immersed in the brine or are spread on metal plates that float on 
the brine in a shallow insulated tank or trough. Temperatures of the 



Courtesy Aflanitc Coast Fisheries ^ 


Fig. 2 Fillets being frozen on metal plates floating on a brine trough. The 
are carried along by means of an endless chain belt and a circuit of the trough is 
made m about 30 minutes. Temperature of this brine ranges from t5® to 50° belo^ 
zero. 


brine range from 15 degrees to 50 degrees below zero F., and the 
consumed in freezing fillets and other small fishes is from 30 to 60 nuB" 
utes. There are several methods of quick freezing in general titc 
throughout the industry. Those invented by Birdseye, Kolbe, Ottesen, 
Petersen, Taylor, and Cooke are the principal ones employed. 


Canning 

Canning of fishery products has become an important industry 
provides the consumer with a wide range of sea food in a convenient 
popular form. Canning of fish in the United States dates from about 
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1820 , when Thomas Kensett and Ezra Daggett started the canning of 
lobsters and other sea food in New York City. Canning preserves to a 
large extent the natural flavor of the original food, and at the same time 
it can readily be transported and kept in any climate without appreciable 
deterioration. In fact, canned foods have all the advantages of fresh 
foods, prepared and cooked in the home. 

The canning of salmon, sardines, shad, tuna, herring, mackerel, cod, 
haddock, and roe has reached commercial importance in this country. 
The salmon-canning industry -is the most important fishery industry in 
America. It is located on the Pacific Coast from Monterey Bay in 
California to the Yukon River in Alaska. Sardines are canned along 
the entire coast of Maine and in California from Monterey to San Diego. 
The American tuna industry is situated in southern California. Sardines, 
mackerel, herring, anchovies, roe, and tuna are canned in various ways 
in several European countries, while salmon, swordfish, and crabmeaf 
are canned in Japan and along the coast of Asia. Canada contributes 
very largely to the production of canned salmon. The canning of lob- 
ster is confined almost exclusively to the Maritime Provinces of Canada 
and to Newfoundland. 

'Process of canning. The fish, after being cleaned and trimmed, are 
placed in a brine bath to draw the blood from the tissues and to give the 
flesh a proper degree of firmness and the desired salty flavor. Many 
varieties are subjected to some coolcing or drying process before being 
packed into cans, salmon being the notable exception. In the case of 
sardines, one of two methods is usually followed; the fish are either 
steamed and dried before packing or they are dried first and then cooked 
by a frying process. 

The nature of most fishery products makes it practically impossible to 
pack them mechanically, with the exception of salmon. Therefore 
nearly all fish products are packed by hand. 

Preparation of containers. Cans in which the fish are packed are 
usually put through a sterilizing and vacuum process before sealing. 
The use of solder in sealing has been almost entirely displaced by the 
more modern method of rolled seams. The use of glass jars in canning 
certain varieties of fish is gaining favor, and these have displaced tin 
to some extent. The jars are sealed in a* vacuum-exliaust sealing 
machine. 

There is no Governmental inspection of fishery products entering the 
canning trade. There has been no need for this, as each cannery packs 
its products under a brand name and unhealthful or inferior products 
would react against the packer, either forcing him out of business or com- 
pelling him to improve his product In addition, Federal and state laws 
impose heavy penalties for the adulteration and misbranding of canned 
and packaged foodstuffs. 

By-Products — Their Uses and Importance 

The residue or waste in a fish cannery or manufacturing plant is 
xitilized in the manufacture of meal, fertilizer, and oil. In a large plant 
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this waste material assumes important proportions, as it aggregates 
approximately 50 per cent of the raw material entering the plant. 

Fish oils. Fish oils arc obtained from all parts of the fish, whereas 
fish-liver oils are prepared from the livers only. The bodies of liver-oil- 
yielding fish, such as cod, arc as a rule very lean and yield very little oil, 
whereas the livers of fatty fish usually contain little oil. Cod-liver oil 
is-a product of the cod fisheries of both the Atlantic and Pacific Coasts, 
but its most important center is Gloucester, Massachusetts. 

There are several methods of extracting the oil from the livers. Medi- 
cinal oil is prepared only from absolutely fresh livers, while the oil from 
stale livers is used in various trades. The vacuum boiler is the most 
recent method employed in rendering medicinal oil. 

Within the past few years, the development of methods of refining 
and blending various fish oils is making possible the concentration of a 
wide range of vitamins and large numbers of vitamin units in small gela- 
tin capsules or pearls. These capsules, containing various vitamin com- 
binations, have in large measure displaced raw cod and other fish-liver 
oils and their emulsions in the treatment of disease. 

Salmon, sardine, and tuna oil are produced from cannery waste. The 
oil is obtained by cooking the waste in a steam retort either ‘with or 
without pressure. Some methods of cooking make unnecessary the proc- 
ess of pressing, the oil rising to the top of the mass is syphoned off. 

‘W^len pressing is required, the h^^^aulic type of press is commonly 
used. The cooked fish is permitted to flow upon a receptacle arranged 
for it upon a truck. WTien the charge has been completed, the truck 
with its burden is wheeled into the press. The pressure is applied until 
the maximum power of the press has been reached or until no further 
amount of water and oil can be removed. Fish oil as a by-product of 
the canneries augments the supply obtained from the menhaden, whale, 
shark, and porpoise fisheries. Fish oils are used in the manufacture of 
soap, paints and varnish, linoleum, leather, waterproofing compositions, 
certain lard substitutes, and for many other purposes. 

Fertilizers. Fish waste from manufacturing plants, canneries, and 
large markets forms the chief source of the raw material for the manu- 
facture of fish fertilizer. The ''cake” (scrap that has been through the 
press and the oil extracted) is either acidulated with sulphuric acid or 
dried with hot air or steam. 

Fish scrap has met with great success as a fertilizer and now consti- 
tutes one of the important sources of organic nitrogen. Its use is familiar 
to all fertilizer dealers and to most farmers who used unmixed fertilizei^^ 
Large quantities are mixed with other fertilizer components by the manu- 
facturers of the scrap to form the so-called "complete fertilizers'^ and 
are sold generally under brand names. 

Fish meal. Wlrile the fish-meal industry is one of the novel indus- 
tries of America, the feeding of fish and fish scrap to animals is by ua 
means new. As early as 1833 cattle at Provincetown, Massachusetts^ 
were fed upon fish; and in 1864 the feeding of pressed herring scrap u*!!- 
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recommended by Dana of Maine, and feeding trials with menhaden scrap 
were suggested. 

In recent years the use of fish meal as a stock and potiltrj^ food has 
grown rapidly. The by-products factories of the Pacific Coast have been 
quicker to manufacture scra]> especially for meal than tliosc of the At- 
lantic Coast. Doubllcs> this may be accounted for in llic difference in 
the size of tlu' factories on tlic two coasts and the recent development of 
the industry in the IVest. 

Pi'^h meal must be carefully dried and ground into either granular form 
for chicken feed or into a fairly fine meal for other j>urposcs. 

Other by-products. Other hy-])roducts of the fislierics include caviar, 
piepared from the eggs or roe of the sturgeon, spoonbill, catfish, salmon, 
and frcsTi-wa.tcr mullet; pearl essence, procured principally from the 
scales of lierring and slmd; pearl sliell, procured from the fresh-wator 
mussel and abalonc fisheries; and glue and leather, procured from fish 
skins. 


Modern Refrigeration in Transportation 

In cool weather fresh and frozen fisher^" products may be transported in 
small lots in ordinary cars for short distances. The shipment of frozen 
fish in warm cars is not ver>’' satisfactory, however, if the fish arc to be 
kept frozen after arrival at their destination. For the great bulk of both 
frcsli and frozen fisli sliippcd refrigerator cars arc used. These arc rail- 
way freight cars, fully in^^ulatcd with felt and fitted with doors equipped 
with compression bolts for tight closure. In each end of the car is a space 
or ^'bunker'^ for ice, or for ice and salt. Each bunker is provided with a 
hatch at the top for charging with ice and with drain pipes with traps at 
the bottom for discharge of brine. To allow circulation of cold air, there 
is an aperture about 1 foot wide at tlic top and bottom of the ])artition 
between the bunker and the body of the car, A heavy wire screen pre- 
vents the ice from falling through these openings. Usually the cars arc 
refrigerated by packing the ice chambers with cracked ice and salt, the 
capacity of the two bunkers being 12,000 to 15,000 pounds of ice. Salt is 
mixed with the ice in the proportion of 10 to 15 pounds of salt to 100 
pounds of ice. 

Refrigerator trucks. The refrigerator truck has made its appearance 
in automobile transportation. These truck bodies arc equipped with a 
' single bunker or tank at the top, with pipes running horizontal^ under 
the roof. An arrangement of valves causes the brine to circulate in the 
pipes when the truck is in motion and provides the necessary refrigeration. 

Solid carbon dioxide. Diy ice, or carbon-dioxide ice, is used to some 
r extent in fish transportation in refrigerator cars and trucks. Its present 
cost as well as its extremely low temperature (109 degrees below zero F.) 

' make its general use prohibitive, although it has possibilities as a refriger- 
ant for individual packages of fresh and frozen fish. 

'' Silica gel. The latest development in refrigerator cars is that manu- 
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factured by Safety Refrigerating, Inc., and operates mechanically. 
Silica gel is the refrigerant employed. An advantage of this typo of 
transportation is that uniform temperatures may be maintained through* 
out a trip. Thermostats control the absorption and discharge of heat by 
the refrigerant and insure a shipment’s arriving at its destination in 
perfect condition, regardless of the distance or time in transit. 

Methods of Marketing Fish Products 

Fresh fish are either landed directly at or shipped to wholesale dis- 
tributing markets. These markets are located in the principal cities, not 
only on the seaboards but also in the interior of the country. A descrip- 
tion of the methods in Fulton Fish Market, New York City, which is the 
largest wholesale market in the United States, will serve as an example of 
wholesale distribution. 

About 500,000,000 pounds of fishery products are handled in Fulton 
Market annually. Of this amount upwards of 50,000,000 pounds are 
landed directly at the market w’harves by fishing vessels, and the balance 
arrives by railroad, steamer, and motor truck. Products from every 
section of the United States and Canada, as well as from Europe, AsiSj 
and Africa, are received regularly. Approximately 80 per cent of the 
total receipts of fish is distributed within the metropolitan area; the other 
20 per cent is reshipped to points mostly within 200 miles of the city- 
More than 100 varieties of fish and sea food are handled during a 
haddock, cod, tile, flounders, and mackerel constitute the greatest volume. 

Receiving consignments, inien a shipment is received, whether o 
shipload, a carload, or an individual package, the consignment is given a 
mark or number for identifying purposes. A record is made in a receiv- 
ing book showing the name of the shipper, the number of packages, kin^ 
of fish, how transported, and other pertinent data. The consignment is 
then delivered to the section or department in which the particular 
variety is handled. 

Shipping wholesaler. As the fish are sold, the salesman calls to a 
salesclerk in the office the mark, weight, and kind of fish, and the 
chaser’s name. A porter gets a sales slip from the office, which he dchv’^’^ 
with the fish to the customer’s truck. When goods are to be shipped) t»*^ 
same procedure is followed except that the fish is delivered to the shipp®? 
department, where it is checked against the sales slip, packed, tagged, an 
delivered to the transportation company. . 

When a consignment is completely sold, the record is sent to the 
keeping department. There an account sales is made showing the tota^ 
sales, the amount of commission and transportation charges, and the nc- 
amount due the shipper. A check covering the amount is drawn an^ 
mailed, completing the transaction. When a wholesale dealer purebssf- 
.pods from the shipper, the account is handled like any other merchaodif' 
ing transaction. 

Packaged fish. Packaged fish is merchandised through markets, cl®® 
stores, and department stores. Tliese fish, in cither fresh or frozen 
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are as desirable to handle as any packaged food. The packages are dry 
and odorless and may be kept in a refrigerator with other products, such 
as butter, without fear of damaging such products. 

The market for fresh fishery products has been greatly broadened since 
the advent of modern refrigerator railway cars and motor trucks. 
There is scarcely a part of the United States where fresh fish is not avail- 
able. Frozen fish, especially sea products, are marketed throughout the 
Central and Midwestern states to a greater extent than on the coasts. 
Althougli freezing fish during producing seasons furnishes a supply of 
practically all varieties throughout the year, certain varieties such as cod, 
haddock, and Spanish and king mackerel — are produced at all seasons. 


Competition in the Industry 

While there is competition between wholesale fish dealers in supplying 
the retail trade, the real competition lies between the industry and other 
food industries. A consumer utilizes a certain amount of foodstuffs 
within a given period; when his demand is satisfied with meats and other 
agricultural products, the market for sea foods is seriously affected. 
Producers of patented breakfast foods, fruit growers, meat packers, and 
producers of other foodstuffs create competition through advertising and 
publicity. The fishing industry has not been able to advertise its prod- 
ucts properly because of its widespread interests and the financial condi- 
tion of the great majority of the producers. The larger companies pack- 
ing fresh, frozen, and canned fish products under brand names do, how- 
ever, advertise their products. 


Finandns 

The greater part of the annual supply is produced by the small fisher- 
man, whose investment in gear and equipment does not exceed a few 
hundred dollars. Some vessels are owned by individuals and others by 
two or more fishermen. The large trawlers are owned principally by 
fishing companies who operate manufacturing plants or wholesale dis- 
tributing markets. The investment in individual vessels ranges from 
a few hundred dollars to $400,000. 

Most of the larger companies are incorporated and are capitalized 
through the sale of stock. A few have issued bonds, secured by equip- 
ment or other property. Many of the packers and larger dealers who 
carry large inventories negotiate bank loans against warehouse receipts 
or company notes. These liabilities are usually liquidated as inventories 
are reduced. 


Capital Involved in the industry 

There are no available figures covering the amount of capital involved 
in the industry. A conservative estimate of the amount invested in 
property and equipment directly connected with production would be 
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about §100,000,000. The investment in canneries, manufacturing plants, 
and wholesale establishments would probably exceed another $100,000,- 
000. Liquid working capital probably aggregates $50,000,000. 

Catch and Value of Fishery Products 

The average annual catch of fishery products in the United States and 
Alaska aggregates approximately 5,000,000,000 pounds. Of this quantity 
about 3,150,000,000 pounds are food fish and the remaining 1,850,000,000 
pounds are nonfood fish. About 1,500,000,000 pounds are utilized in the 
canneries, 110,000,000 pounds are frozen, 250,000,000 pounds are cured, 
540,000,000 poimds are manufactured into packaged products, and 750,- 
000,000 pounds are marketed fresh. After manufacturing and processing, 
the net weight of all fishery food products reaching the consumer approxi- 
mates 1,950.000.000 pounds. Cannery waste, manufactured into bj’- 
products. and shrinkage in weight in the processes of curing account for 
about 1,200,000,000 pounds. 

The total value of all fishery products and b}" -pro ducts in the hands 
of the consumer, including the cost of producing raw material, manufac- 
turing *and processing costs, transportation, costs of distributing, and so 
forth, exceeds $1,250,000,000. 

Persons Engaged in the Industry 

INIore than 125,000 persons are engaged in commercial fishing and 4,000 
in transporting fishery products. The canneries and other plants empkT 
more than 200,000 persons. In the wholesale establishments approxi- 
mately 100,000 men and women are employed. Considering all phases 
the industry^ it gives employment to more than 500,000 people. 

Legislation 

The Federal Government does not have jurisdiction over the fisheries 
except in Alaska. Each state exercises its sovereign right over the fish- 
eries within its territory. The Federal Government, through the Fish and 
W ildlife Service of the Department of the Interior, cooperates with the 
various states in many ways. It conducts scientific inquiries and 
veys, gathers statistics, operates fish-cultural stations and laboratories 
National legislation that affects the industry to any extent is limited to 
transportation and interstate commerce. 

In practically every fish-producing state, there is a fish commission 
charged with the enforcement of laws governing the fisheries. These la^- 
cover seasons when certain varieties may be taken and sold, the sko 
limits of certain species, sections where fishing may or maj* not be dono? 
determining and collecting license fees, the size mesh of nets, the locarin? 
of pounds and other traps, and many other measures. 

At nearly every session of a state legislature, bills intended to restrict 
commercial fishbg in one way or another are introduced. :Mo 5 t of 
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bills are proposed by selfish interests without regard for the loss of em- 
ployment or capital that might be involved should they be enacted into 
law. In the states where the fishing industry is an important factor, few 
bills inimical to the industry become law. In these states there are, how- 
ever, laws intended wisely to conserve and perpetuate the resources. 
Practically all the laws governing commercial fishing operations have 
been introduced or sponsored by the fisheries industry. 

Important Companies 

The Booth Fisheries Company, with headquarters in Chicago, is the 
largest concern in the industry. It is engaged in production, canning, 
salting and curing, freezing, and wholesale and retail distribution. Its 
plants and establishments are scattered throughout the country. 

Next largest is the General Seafoods Company, a subsidiary of the Gen- 
eral Foods Corporation, located in Boston, with producing plants in 
Gloucester and in various production areas. This company operates the 
Bluepoints Company, Tlie Ehode Island Oyster Farms Company, the 
Connecticut Oj^ster Farms Company, and the Long Island Oyster Farms 
Company. It conducts the largest oyster business in America. 

Chesebro, Robbins & Graham, Inc,, Fulton Fish Market, New York 
City, conduct the largest individual wholesaling establishment in the 
United States. 

The Andrew Radel Oyster Company, Lester & Toner, Inc., and J. &. 
J. W. Elsworth Company are among the largest growers of cultivated 
oysters. Their business is very extensive, covering the entire country. 

The New England Fish Company of Seattle, Washington, is a large 
producer of halibut and salmon. It operates canneries in Washington, 
British Columbia, and Alaska. 

While there are many other concerns on both the Atlantic and Pacific 
Coasts, and on the Great Lakes, whose business is very extensive, they 
are not so well known outside the industry. 

Possible Future Developments 

During the past decade there have been greater developments in the 
industry than at any previous time. The modern trawler has made pos- 
sible an adequate supply of raw material for increased demands of the 
fillet business. Packaged fish is rapidly gaining in popularity, and new 
varieties are constantly being added to the line. 

Science has played an important part in recent developments in the 
industry, and there is every reason to believe that it will continue to 
develop new methods of packing, new products, more economical opera- 
tions, and the means of wider and better distribution. In the field of 
production, engineering, biology, bacteriology, and other technological 
studies will be of the utmost importance in coordinating supply, manu- 
facture, and distribution. 
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The Lumber Industry 


History of Lumbering In the United States 

Lumbering began in the United States immediately upon the arrival 
of the first settlers. The \Yliole Atlantic Coast was a forest region, and 
the pioncei's thus found at hand material especially adapted to their 
housing needs. Of the 2,000,000,000 acres of the United States, exclusive 
of Alaska and the island possc«!sions, more than 800,000,000 were tim- 
bered. \Yood is easily worked and infinitely adaptable to industrial uses, 
and on account of its insulating i)ropertics, peculiarly suited to house- 
building in severe climates. More than half the American people live in 
wooden houses. The wealth of variety in the American forests is un- 
cqualed; there are over 1,100 different tree forms, of which about 150 have 
commercial value, and 29 yield important quantities of lumber. 

In the English-speaking settlements the manufacture of boards and 
other utilizable forms of wood was at first entirely a matter of hand labor 
with a\% saw, wedge, and sledge. Sawmills utilizing water and even 
wind power were developed on the continent of Europe as early, perhaps, 
as the middle of the fourteenth century, but the opposition of the wood- 
working guilds had prevented their introduction into England. Conse- 
quently, at first all lumber manufactured in the English settlements was 
hewn or hand-sawed. After the invention of a two-linnded saw, pit- 
sawing was used; the log was either placed over a pit or on high wood 
horses and one sav'yer stood on or above the log and the other under- 
neath. It is said that in some remote rural regions of the United States 
the pit-sawing method is still occasionally used for the production of 
lumber for home use. 

Early sawmills. The early settlers of Virginia imported a number of 
workers from the continent, and it is likely that mills utilizing some sort 
of power were in operation in the Old Dominion soon after its settle- 
ment in 1607. The Dutch also used power in sawing lumber in the early 
days of their Manhattan settlements. The favorite form of applied 
power was that of the water wheel, and the numerous creeks and rivers of 
New England, which run to the sea through great forests of white pine and 
other utilizable timber, supplied power at the source of the raw material. 
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The first commercial mills of any size, therefore, may probably be ac- 
credited to New Hampshire or Maine as early as 1630. 


Development of machineiy was very slow, and it was 75 or 100 years 
later before there were individual mills of a capacity of 4,000 or 5,000 feet 
of lumber a day. Water power developed on a small scale, and applied 
crudely, had limitations in addition to the fundamental one of being 
necessarily used, prior to the discoveiy of electricity, at the site ^Yhere 
the power is developed. The discovery of the steam engine and its 
application to sawmilling were consequently a great boon to the lumber 
industry. The first steam sawmill in the United States, erected in New 
Orleans in 1811, was promptly destroyed by a mob of angry laborers who 
saw the end of their occupation in steam power applied to saws. 

The great era begins. The introduction of steam power and the 
extension of saw^mills, whether motivated by steam or w’ater power, did 
not proceed rapidly until about 1840, when, it may be said, the develop- 
ment of the Middle West began on a great scale. Before that time the 
manufacture of lumber was largely a local industry, the product of which 
w'as consumed mostly in meeting the modest building requirements of 


communities near the mills; but from 1840 onward there w^as a tremen- 
dous expansion of the lumber industry in order to meet the housing ana 
other shelter requirements, as well as the industrial demand of the greatest 
population movement in the history of the world. The prairie and 
plains states were without suflScient timber, if indeed they had any, to 
meet the requirements of their rapidly growdng populations, and so there 
sprang up an organized industry and commerce in lumber. The lumber 
industry, which had developed to meet local and expj^erf, >uirements 
mainty in New England, saw its center of gravity move vj westward 


to New York, which was at the head of the indu^.^. - y 
nineteenth century ; to Pennsylvania, which led it\ ^ i 
ties; then to Michigan in the eighties; and to Wis^" 
in the nineties. This w^estw’-ard trek of the lumb ^ 
zone of the w'hite pine forests. ^ ^ 

White pine and Western settlement. White 
and is easily w^orked. Its vast forests were on the no 
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mediate east of the new developing region. Water ti\ ^port w^as avay 
able on the Great Lakes and the Mississippi and Ohio Rivers an d their 
tributaries. Hundreds of thousands of men were emplo3’'ed jin tnc 
forests, in the mills, and in transporting logs and lumber. The Missis- 
sippi River and its branches convey’ed thousands of rafts and millions oi 
feet of lumber and logs for hundreds and even thousands of miles from 
mill to consumer. As the railways came in, the sawmill and the settle- 
ments of the plains and prairies were connected by direct and fast trans- 
port. The forest states, which w^ere not adapted for prompt agriculture 
use on account of their forest coverage, thus easity became industria 
states and contributed powerfully' to the development of the agricultural 
regions. It is probable that the settlement and general progress of the 
Great Plains states would have been set back at least a generation if ' 
had not been possible for the treeless regions to draw' freely' on the vast 
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forests of the Great Lakes states. The forests were literally moved to 
the plains and converted into millions of structures. This epoch of the 
conquest of the West by the employment of the forests was perhaps the 
mightiest in the history of the Republic. 

Ownership of timber. In the colonial days the forest lands were for 
the most part the property of the Crown, and the British Admiralty en- 
deavored to rcser\^c the best trees for masts and spars for tlic Royal Navy, 
such trees being blazed and marked with the symbolic broad arrow. 
The colonists resented the royal prerogative, and from the first there was 
wholesale poaching \ipon the forests. The resulting friction was one 
of the contributing causes of the popular dissatisfaction witli British rule 
which led to the Rcvolutionaiy War. Lumber, masts, spars, and staves 
for rum and wine casks were among the chief exports of colonial New 
England, mainly to the West Indies and to England. In addition, the 
abundance of timber mothered a flourishing shipbuilding industry. 

In getting out the lumber, the trees were usually felled in the winter 
and the logs were drawn by oxen to the banks of a creek or river; thence 
they were floated in the spring to the mill ; and if it was not on deep water, 
the lumber was subsequently rafted to the nearest port. The Mcrrimac, 
the Penobscot, the Kennebec, the Connecticut, the Hudson, and the 
Susquehanna were famous highways of logs and lumber for more than a 
ccnluiy. 

Lumber turns southward. As the depiction of the virgin limber of 
the North, mostly pine in the early days, progressed, the industry turned 
its attention to the yellow pine forests of the South. These, as well as 
oak for shipbuilding and other woods for industrial and domestic pur- 
poses, had been utilized from the earliest days of Southeni settlement, but 
it was not until the last decade of the nineteenth centurj- that lumbering 
became a large-scale industrial enterprise in tlie Soutliern states. Tliis 
development was largely due to the enterprise and capital of tlie Northern 
lumbermen looking for new fields to conquer. 

Opening up the Pacific Coast. The discovery of gold in California 
in 1849 and the subsequent large influx of population marked the begin- 
ning of the lumber industry on the Pacific Coast. Its source of material 
at first was mainly the redwood forests of tree mammoths along the 
coast north of San Francisco, between the ocean and coast range of 
mountains, extending into Oregon. Almost simultaneously, the great 
Douglas fir forests of the coast of Washington and Oregon were opened 
up, partly to supply local requirements, but mainly for shipment to San 
Francisco for distribution in California. At the same time mining 
development tapped the pine forests of the Rocky and Sierra iMountains. 

Expansion of the industry. It is probably true that up to 1840 there 
was almost as much timber standing in America as when the country was 
first settled. In the early days, when the industry was local and of small 
proportions, only the best trees were selected and there was ample op- 
portunity for later cuttings of the trees that were left. It is doubtful 
whether the cut was much, if any, greater than the annual regrowth. As 
timber became scarcer, close cutting was introduced and natural regen- 
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eration set back. As people swarmed into the upper Mississippi Valley 
in the decade of 1840 to 1850, there sprang up a multitude of mills, 
mostly of small capacity, until there were as many as 45,000. The total 
production of lumber, which had been only 1,000,000,000 feet in 1840, 
increased rapidly and continuously during the next 65 years. The crest 
of production was reached in 1907, when the output w'as 46,000,000,000 
board feet. Since then there has been a gradual although uneven decline, 
until the present normal production is around 35,000,000,000 feet a year. 
Various causes have contributed to the decline, but the chief one has 
been the increased cost to the consumer, owing to the long freight haul, as 
the mills have become farther and farther away from the great consuming 
centers. Whereas 50 years ago the average lumber haul (and a large 
part of that hy water) w'as 200 or 300 miles, it is now 800 miles. Another 
cause is the increasing competition of other materials. 

In later years the tendency has been, on the whole, for the small mills 
to yield to larger mills. There are still somewhere from 15,000 to 20,000 
sawmills in the United States, but about 90 per cent of the lumber pro- 
duction is derived from 4,260 mills, and of these, the 750 mills cuttfeg 
lOjOQOftOQ feet or more annually produce 70 per cent. As compared with 
the mills of the seventeenth century with their petty capacity of a 
hundred feet a day, mills of a capacity of 50,000 to 200,000 feet are now 
common, and there are some that can produce 1,000,000 feet a day. The 
latter figure may be visualized by stating that 1,000,000 feet of lumber are 
sufficient for the erection of about 70 6-room all-lumber dwellings. 

Leaders in the lumber industry. In all the Northern and Eastern 
forest states, where lumber became a major industry, its pioneers were 
conspicuous among the commercial, social, and political leaders of the 
time. Lumber was virtually the first manufacturing industry in those 
regions and was the chief early mobilizer of capital and the main source 
of industrial payrolls and dividends. Great numbers of its proprietors 
became wealthy and supplied capital for the innumerable later industn^ 
that took the place of the sawmills as the latter migrated to the West 
and South. 

As the center of the lumber industry moved westward, the great lumh^ 
towns of the past, such as Bangor, Albany, WTlliamsport (Pennsylvania) > 
Bay City, Muskegon, Grand Rapids, Eau Claire, Wausau, and 
neapolis, and such lumber distributing cities as Buffalo, Detroit, Mu' 
waukee, and St. Louis, became the homes of many men Qf wealth mahe 
from the forests. Their story was repeated in later decades on th® 
Pacific Coast and in the South; in San Erancisco, Portland, Spokane 
Seattle, Tacoma, and in New Orleans, Memphis, Houston, Jacksonvilfe 
and other cities. Naturally dominant men in a dominant and higW 
masculine industry, they became leaders in political and social life, 
founders of family dynasties that are still powerful. 

Chief Lumber Species 

While, roughly speaking, all of the United States east of the Miss\ssl0 
River vras covered with forests, W’Lirb even extended beyond the 
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sissippi in llic Par North and in the Southwest, a large part of the timber- 
land, especially that in hardwoods, was early taken over by agriculture, 
so that lumbering was only an incident of land clearing, and vast areas 
were cleared entirely by the use of the ax and fire. Nevertheless, there 
were extensive lumbering operations throughout the hardwood belts of 
the Appalachian and Middle Western states, but today the two leading 
Ivunbcring regions of the counir}’ are the Southern states and the Pacific 
Const, especially Washington and Oregon with a third, although less 
important region, in the Rocky ^lountain states. By far the largest item 
of lumber produced in the South is southern pine; Louisiana, Alabama, 
J^Iississippi, North Carolina, and Arkansas lend in the order named. 
Southcni pine is today the chief product of American sawmills; the total 
production in 1939 was 7,691,604 feet. Next in group rank is Douglas 
fir, produced in 10 states to a total of 6,554,781 feet, but chiefly in Wash- 
ington and Oregon. Washington is nov’ the major lumber producing 
state, with a total of over 7,000,000,000 feet, and Oregon follows with 
slightly less than 5,000,000,000 feet. Oregon leads in ‘standing timber. 
If the western pines output of the Rocky Mountain and Pacific Coast 
states, and also their hemlock, cedar, and spruce are taken into considera- 
tion, the Far West can be said to produce somewhat more than half the 
annual lumber output of the United States. In point of present produc- 
tion by species, after southern pine and Douglas fir come the western 
pines, oak, hemlock, gum, maple, spruce, cypress, and redwood. Hard- 
wood lumber constitutes about 20 per cent of the wliole output. 

The principal source of liardwood lumber, which is derived from 
deciduous trees, is in the southern Appalachian region and in the lowlands 
of the lower Mississippi. Among the species produced in these districts 
are varieties of oak, gum, chestnut, tulip (yellow poplar). The north- 
eastern and Great Lakes states continue to produce considerable quan- 
tities of such hardwoods as oak, maple, beech, elm, and birch. Cypress 
is an important factor in the lower Mississippi Valley and the Gulf states. 
Most of the softwood lumber still produced in New England or in the 
Northeastern or Great Lakes states is spruce or hemlock; there is also 
some white and Norway pine. 


Timber Holdings 

Private acquisition of timberlands. All the timberlands of America, 
like those of other countries, originally derive^ from public title. In 
colonial days timberland was obtained largely by land grants from the 
British proprietors, and in later days by purchase from the state gov- 
ernments in the original colonial regions; but in the Northwest Territory 
and in all the rest of what is now the United States, which come directly 
under the sovereign power of the Federal Government, lands were ob- 
tained in large tracts mainly by private acquisition of lands granted by 
Congress to encourage the building of highways and railroads, and schools 
and colleges. In smaller units these Federal lands passed into private 
ownership through the Homestead, Stone and Timber, Preemption, and 
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other acts which gave title to settlers. Except for the large tracts which 
were purchased by lumber companies from state institutions and other 
public grantees, the holdings of these companies were built up by ac- 
quisition of small tracts from individuals who availed themselves of the 
various public land acts. Title to the land was usually acquired in 
such cases, but sometimes, particularly in the South, the stumpage rights 
— ^that is, the timber rights — ^v’ere bought. 

The public forests. The public land policy of the United States 
originally contemplated the complete alienation of the public domain, 
since it w^as believed That the private ownership of land and all that 
belonged to it was the way to build up a prosperous nation. However, 
in the last quarter of the nineteenth centurj^, the feeling became rather 
general that the Federal Government and the states ought to take steps 
to retain some of their forest lands in public ownership. The grovlh of 
this feeling was due to a fear that the cutting of the forests under private 
ownership menaced the nation with a dearth of forest cover and material. 
During the administrations of Presidents Harrison, Cleveland, and 
Theodore Roosevelt, Congress, b}’- various enactments, granted authority 
whereby Federal forest reserv^ation areas were set aside. These reserva- 
tions aggregated 185,000,000 acres of land, of which about 21,000,000 are 
in Alaska. Within the boundaries of these reserA’'ations there is much 
land privately patented at a prior period, and not all of the public land 
is tree-bearing. Some of it is meadow and swamp, some is pasture and 
range, but the net area of forest land in the 151 national forests is ap- 
proximately 100,000,000 acres. The original forest reseiwations created 
from the public domain were necessarily almost all in the Rock}’' Moun- 
tain and Pacific Coast regions. Since 1911, under what is known as the 
Week’s Act of Congress, and later amendments, the Government has been 
building up national forests in the Great Lakes states and the Appa- 
lachian regions, and these purchases are being extended to all Eastern 
and Southern forest states. It is contemplated ultimately to acquire at 
least 8,000,000 acres in this manner, of which about 2,000,000 already 
have been purchased. Forest enthusiasts would have the Federal Gov- 
ernment acquire 40,000,000 acres altogether east of the Mississippi River, 
on the theory that economic forestry will be so long dela 5 "ed that public 
interest requires forest conservation and regeneration to be largely a 
public enterprise. The national forests hold about one fifth of the pres- 
ent forest land of the United States, and approximately one third of the 
total of 2,500,000,000,000 feet of standing saw timber. 

Purpose of the national forests. The national forests are quite com- 
monly confused with the national parks. They are not even adminis- 
tratively related and their primary purposes are divergent. National 
forests are administered by the Forest Sendee of the Department of Agri- 
culture, whereas the national parks are under the jurisdiction of the De- 
partment of the Interior. The purpose of the national forests is mainly 
economic, that of the national parks entirely recreational, educational, 
and inspirational. The national forests were created to afford a con- 
tinuous supply of forest products to the American people as well as to 
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provide the drainage-restraining influence of forest cover for the head- 
waters of navigable and irrigation streams. The forests, being utili- 
tarian, are not treated as parks, but as sources of economic material. 
The cutting of timber in the national forests, however, is under extremely 
conservative restrictions designed to insure the perpetuation of the 
forests notwithstanding the cutting of trees. The Government does not, 
’ (except in the case of Indian Reservation forests, which belong neither 
to the parks nor to the forests) manufacture lumber. It sells ripe timber 
subject to its cutting regulations to lumber manufacturers on long-time 
contracts. The amounts of lumber now yielded annually by the national 
forests (containing about one third of the remaining timber) is about 
1,000,000,000 feet, or perhaps one thirty-fifth of the entire cut of the 
country; if necessity arises, the yield of the Government forests can be 
increased to 6,000,000,000 feet a year without impairing the forests. In 
addition to the national forests, there are some millions of acres of un- 
reserved Federal domain state and municipal forests, which, however, 
have as yet but little commercial significance. Of private timberland 
farmers own 160,000,000 acres, and commercial interests about 250,- 
000,000. 


Logging and Transport 

Early logging. The methods of logging — ^that is, of felling the trees 
and removing their utilizable sections or logs from the forests to the mills 
— are radically different now from what they were as late as 50 years ago. 
The same is true of the transportation of the logs from forest to mill. 
Fifty years ago practically all of the tree felling and log cutting in the 
North took place during the winter months, when snow and cold pei'- 
mitted the formation of ice roads, over which teams of horses or oxen 
drew sleds loaded with logs, which, except in the case of occasional small 
local mills, were yarded and skidded on the banks of streams flowing 
through the forests. The trees were felled entirely by hand and the 
individual logs were pulled by horses or oxen over the ground to the ice 
road, where they were loaded on the sleds. 

Modern logging methods. With some exceptions caused by the 
nature of the teri'ain or the smallness of the lumbering enterprise, the 
horse and ox have virtually disappeared from the modern logging scene. 
This change began with the development of the hea\’y timber regions of 
the Pacific Northwest. Logging, except for the felling of the trees, which 
is still almost entirely handworked with ax and saw, is now conducted by 
machiner 5 ^ The logs, after being “bucked^^ into various lengths from 
the fallen tree, are commonly conveyed to tlie logging railroad, the high- 
way, or the waterway by means of long cables and by tractors and trucks. 
Cable logging is of two kinds, the high lead and the low lead. The 
latter consists of the operation of a low-line wire cable wound over a 
drum, operated by a stationarj’* steam engine. Strings of logs are at- 
tached to the cable and dravm along skid roads or chutes to the engine, 
where they are parked for transportation to the mill. Somefimo^ single 
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logs aie drugged in over the ground The high-lead cable process con- 
sists of the operation of the log-puIling cable from block and tackle at 
the top of a tall spar. A trolley cable reaches from this spar to another 
one placed 1,000 or 1,500 feet a^\ay in the forest. As the trees are felled 
and the logs are bucked, the logs are picked up by suitable tackle and 
dra\sTi partly on the ground and partly through the air to the single spar.^ 
The outer spar is shifted from time to time until all the suitable trees 
within the radius of the cable have been removed. 


























Courtesy, Red Rtver Lumber CeuiP 

Fig. 1. Steam locomotuc log loader, and Diesel tractor mvade the forest 


In tractor logging, the power ti actor has been substituted for the 
horse and ox of former times and the logs are dragged by the tractors to 
the loading places. (This is shovm in the illustration above, Fig. F) 
Especially adapted and powerful automobile trucks are also used to 
i-oine extent to pick up the logs as the^^ lie in the forest^^. 

Carrying the logs to the inill. The logs, having been yarded, or 
banked, at suitable points, are tiansported to the mills in .‘several vays 
Transport by floating single logs or rafts on lakes and rivers has greatly 
declined IMost logging transport today is by portable logging railroads, 
of which there are about 30,000 miles in tlie United States. Some logging 
railways have been several hundred miles in length, although such long 
lines usually are also common carriers. Both steam and electric loco- 
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motives are used on logging railways. The lateral branches are contin- 
uously shifted and relocated as the cutting of the standing timber pro- 
gresses. Extensive use is also made of the standard railway systems 
for transport of logs; in that case the loaded trucks are usually taken 
over from the logging railways. Logs are sometimes hauled several hun- 
dred miles on the standard common-carrier railroads. 

Witli the development of better roads and with the greater importance 
of lumbering operations on lands which have been previously cut over, 
the automobile truck has become an important factor in transporting 
the logs from farm lots and other small holdings to the mills. On the 
Pacific Coast logs are still moved, to a considerable extent, singly or in 
rafts in protected waters; and enormous rafts, containing as high as 
7,000,000 or 8,000,000 feet of logs, are towed on the ocean from the Queen 
Charlotte Islands in British Columbia to San Diego in the South. 


Grading and Inspection 

Wood is a natural product which is converted into lumber by sawing 
into parts. Its natural composition is not altered thereby. It is there- 
fore impossible to classify by quality the lumber of even one species 
with the precision which applies to synthetic products. Nature never 
makes any tree exactly like another. Nevertheless, there are criteria for 
putting lumber into different quality classes or grades, aside from the 
grouping by species. These grades are determined by the degree in which 
the particular piece of lumber approximates absence of defects and 
blemishes. A defect is defined as any irregularity from the accepted 
standard of perfection which may lower strength, durability, or utility 
values of the lumber. A blemish is any abnormality affecting appear- 
ance. 

Classification of lumber. Lumber is classified according to quality, 
form, finish, and degree of manufacture. The softwood lumbers are now 
generally manufactured and sold on the basis of species, classification, 
nomenclature, basic grades, seasoning standards, sizes, uniform workings, 
description, measurement, tally, shipping provisions, grade-marking tally 
cards, and inspection in accordance with American Lumber Standards. 
These standards were worked out by ail industrial and commercial groups 
and professions interested in lumber, under the auspices of the United 
States Department of Commerce and with the advice of the United States 
Forest Service, and are published by the Department of Commerce as 
“Simplified Practice Recommendation R16-29.*’ They are the basis of 
the grading and inspection rules of all the principal associations of soft- 
wood lumber manufacturers. Hardwood grading rules are still non- 
official, since they are only under the authority and administration of the 
National Hardwood Lumber Association; they are nevertheless well 
established and administered. 

Softwood classification. Softwood lumber is classified, according to 
use, as yard lumber; structural material; factorjq or shop, lumber. Yard 
lumber is less than 5 inches in thickness and is used for general building 
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purposch. Factory^ or shop, lumber is used for the manufacture of 
industrial products. Structural material, or timbers, is more than 5 
inches in thickness and width. The grading of yard lumber is based 
upon the entire piece; that of structural lumber upon the strength and 
use of the entire piece. Factory" lumber, since it is intended for remanu" 
facture, is graded according to the proportion of the area which will yield 
acceptable cuttings In respect to size, yard lumber is further classified 
as strips, boards, dimension, planks, scantlings, and heavy joists. 

With regard to the degree of manufacture lumber is classified as rough, 
surfaced, and worked. There arc three groups of the last: (1) matched 
to make a tongue-and^groovc joint; (2) ship-lapped to make a close 
rabbeted or lapped joint; (3) patterned lumber — that is, worked to a pat- 
terned or molded form. 

Yard lumber is divided according to quality or grade into select and 
common lumber; the former is subgraded as A, B, C, D; and the latter, as 
Numbers 1, 2, 3, 4, and 5. 

Grading of lumber. Lumber is ordinarily graded by graders or in- 
spectors in the employ of each mill, according to the rules of its associa- 
tion, but their work is checked and reviewed by inspectors in the employ 
of the regional association of lumber manufacturers to which the mil! 
belongs. The association's inspectors always make the reinspection in 
case of dispute. Manufacturers who do not belong to associations may 
enjoy their inspection serv"icc on a fee basis. 

Grade-marking. A corollary" of lumber grading is grade-marking, 
which is now generally available, upon request, from mills following 
American Lumber Standards. Many of these mills also apply their own 
trade-marks and the guaranty trade-mark, the “Tree-ilark/^ of the 
National Lumber ^lanufacturers Association, which is a federation of 
regional associations. Such lumber may be safely bought without in- 
spection by the purchaser. 

Before the general adoption of grades, backed by trusted inspection, 
the lumber industry was in commercial chaos. There were some 29 
different grading systems in use, many of them with little or no standing. 

The Lumber Manufacturing Plant 

The sawmills as a rule are located in or near their forests, rather than 
in a few centers. The principal lumber manufacturing city of America is 
now Tacoma, Washin^on, with Portland, Oregon, ranking second. In 
the South, among the principal savTnill to'v\ms are Bogalusa, Louisiana; 
Shreveport, Louisiana; Grossett, Arkansas; Meridian and Laurel, Mis- 
sissippi. 

All large permanent sawmill plants have a lumber mill proper and a 
planing mill. The latter further manufactures the product of the former. 
Between the original sawing and the secondary manufacture comes the 
seasoning or drj^ing step. Lumber that is not to have any preparation 
other than rough sawing may be shipped green, but is usually dried, 
either by exposure to the air or by passage through a kiln. The savunill 
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structure is usually of the single-story shed or factoiy type with gabled 
roof, and is of huge proportions in the mills of large capacity. 

Logs to lumber. The sawmill, if of any size, is usually built on the 
banks of a river, lake, or artificial pond, in which the floatable softwood 
logs are stored from the time of tlieir arrival until they go to the saw. 
Water protects the logs and makes it easy to move them in an^’’ direction. 
The logs arc hauled up from wet or dry storage to the sawing floor of the 
mill by various methods, chiefly those of the jack and bull endless chains, 
and are washed by streams of water while on the incline. If very long, 
the logs are cross-sawed in the pond or after arriving at the sawing floor. 

^ They are then thrown onto the log deck, whence they are delivered to 
the log carriage. The carriage, moving rapidly backward and forward 
on rails, holds, carries, and drives the log against the saw. It is equipped 
with machinery for the power handling of the logs, is operated by men 
riding on it, and is directed by the head savyer from his station at the 
headsaw. The headsaw in all largo mills is usually a band saw. Prom 
the headsaw the boards may go directly by conveyors to the trimming and 
edging saws; or the squared logs (cants) may go from the headsaw to a 
gang saw, which cuts the cant into a number of boards at one operation. 
Smaller mills use a circular headsaw instead of a band saw. Sometimes 
the resawing of cants is done by band saws. The edge saw squares the 
edges of the lumber, and the trimmer does likewise for the ends and at 
the same time makes the boards into standard length. Both trimmers 
and edgers are circular saws. From the trimmers tlie boards flow on con- 
veyors to and along the sorting or grading table. Throughout the proc- 
esses very little hard manual work, except that of a guiding and directing 
nature, is used. From the sorting table the lumber is conveyed by cars 
or trucks to the drying piles or the kilns. The tendency is more and 
more to kiln-dry lumber by steam heat. 

Certain classes of building lumber are planed, tongued, and grooved, 
and are converted into flooring, siding, moldings, or otherwise further 
manufactured in the planing mills operated in conjunction with the saw- 
rnills. After leaving the planing mill, finished lumber goes directly into 
waiting cars or trucks or is conve^^ed to storage. 

Motive power of the mill. The capacity of a mill is governed by the 
number of head, or breakdown, saws, as the capacity of one band saw is 
hardly more than 50,000 feet a working day. A necessary but regrettable 
feature of all sawmill plants, until recent years, has been the great cylin- 
drical tower in which was burned all refuse that could not be used for fuel 
or other by-products. Most sawmills supply their own primary power 
(steam) from sawdust and other waste materials. Often they have a sur- 
plus of fuel, and sometimes of electric power, for sale. Power is now 
commonly applied through electrical machinery in the larger mills. 
Sawmills rarely purchase electric power, as the abundance of incidental 
fuel makes it more economical for them to generate their own steam and 
electricity. 

Products of the lumber mill. The rough-sawed products of lumber 
mills comprise timbers, dimension (intermediate between boards and 
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timbers) , boards, strips, laths, and sometimes shingles, although shingles 
are more commonly produced in independent shingle mills. Boards are 
lumber less than 2 inches thick and 8 inches or over in '^dth. They are 
made by both hardwood and softwood mills and comprise the larger 
part of the output. Strips are boards less than 8 inches wide. Dimen- 
sion is lumber that is from 2 to 5 inches thick and of an}' width. It 
consists of planks, scantlings, and hea^y joists, according to size. 
Timbers are 5 inches or larger in least dimension, and are chiefly made 
of softwood. 

Important dressed products of the saw and planing mill are: finishing 
lumber, flooring, drop and bevel siding, ceiling, and partitions. Lumber 
mills may also primarily produce veneer, both rotarj^-cut and sawed: 
and plyv’ood, which is laminated veneer. However, a mill making only 
veneer and plj'wood is not ordinarily classed as a lumber mill. 

Standard lumber sizes are nominal; in other words, they are based on 
rough-sawed lumber, before allowing for sawing variation, shrinkage, and 
dressing or surfacing. Thus, a standard inch-board, nominally of 8 
inches width, is actually -%2 of an inch in thickness and 7%, inches wide. 

Broadly speaking, hardwood lumber is but little used in the framing of 
buildings. Finished products such as flooring, ceiling, siding, casing, 
baseboards, and molding are mainly made from softwoods. Hardwood 
is extensively used for floors and paneling, but it mostlj^ goes to the wood- 
working industries for remanufacture. In hardwoods the phrase ^^di- 
mension stock” applies to lumber cut for certain specified remanufacture 
uses. 

By-products of the lumber mill. Box shocks are frequently a by- 
product of lumber mills, and are usually made by softwood mills. Saw- 
dust has a certain market, although it is mostly used for fuel at the milt 
In some mills the waste slabs, trimmings, edgings, and otlier refuse pieces 
are 'fliogged” into small particles, which are sold for steam fuel. The 
refuse of sawmills is coming to be the raw material of mills which produce 
pulp and paper, composition boards, and insulating material; and such 
mills are sometimes auxiliarj^ to the sawmill proper. In the future saw- 
mills and industries that convert wood vnW be more and more integrated. 
(Wood waste is susceptible to extensive chemical conversion, being con- 
vertible into about 200 products, but the sawmills themselves do vir- 
tually notliing in this line.l The 60 or 70 industries which use lumber 
as their raw material make from it some 4,000 different products. 
Other mechanical by-products are fence pickets, stakes, and plugs for 
spikeholes in railway ties. Sawed crossties are both an original and a 
by-product of the lumber mill. 

The lumber industry may be credited to some extent with some 
products; either primaiy^ or secondary, which arc now sawed, such as 
hewed crossties, split staves, shakes, poles, posts, mine props, acid wood, 
pulp-wood, and fuel wood; most of its fuel wood, however, is made from 
sawmill waste. Tlie United States Census limits ‘flumber” to sawed wood 
which is reported in board-feet measure, but the popular conception is 
considerably wider. 
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Specialty products. Either by special mills or as by-products of 
regular lumber mills, the lumber industry produces, in Addition to items 
mentioned above, specialized products for further manufacture — such as 
sash and door stock, cooperage stock, wood billets, wood blanks, spool 
wood, last blocks, mangle blocks, roller blocks, shuttle blocks, handle 
stock, toothpick wood, match wood, and so forth. Mills which produce 
these specialties primarily are not spoken of as lumber mills, but have 
specified appellations. 

Marketing Logs and Lumber 

Marketing logs. The major part of the logs consumed by lumber mills 
in the United States comes from the forests ovmed by the lumber com- 
panies, and the logging is really a part of the sawmill operation. In 
such cases marketing is not involved. There are, however, especially in 
the Pacific Northwest, separate logging companies, which cut logs from 
their own lands or by right of standing-timber purchase, and sell them to 
mills which may be with or without timber of their own. Usually these 
logging companies or contractors operate under advance contracts with 
the mills. Onmers of small areas of timber and farmers having woodlots 
may sell the trees on the stump to sawmills, the mills attending to the 
logging, or they may cut logs on contract or take a chance on selling 
them to buyers for the mills. The extension of good roads and the intro- 
duction of the motor truck have greatly widened the areas from which 
mills may collect logs. These improvements have resulted in a consider- 
able revival of sawmilling, usually by portable mills, in regions which had 
been abandoned by the large mills after the original cutting. 

Marketing lumber. Some mills market all or part of their product 
directly to the ultimate consumer through their own chains of retail yards. 
Others deal entirely with retailers, either as chain or line yards or inde- 
pendents. There are about 25,000 retail lumber units in the United 
States, whose business represents about 4 per cent of the entire volume 
of retail merchandising in this country, the equivalent to $2,000,000,000. 
Not all of this, however, represents lumber. 

A large part of the lumber is sold by the mills to wholesalers, of whom 
there are about 3,000. As a general rule all yard lumber reaches the 
consumer through the retailer, whether intermediately handled by a 
wholesaler or not. There is also a distinct class of jobbers. Industrial 
lumber is not required by trade practices to go through the retailer. 
The larger mills usually have district or traveling salesmen, who call 
on the wood-using industries, wholesalers, and retailers. Wholesalers 
sometimes control the entire output of a group of small mills, in some 
cases even financing them. Again, a group of mills may entrust their 
selling to a sales agency, which may be entirely under their control. 

Export sales. Export lumber amounts to about 2,000,000,000 feet 
annually. It is partly sold through export companies, backed by the 
mills, under tlie Edge-Pomerene Act. In other cases individual mills 
have their foreign agents in different countries. These agents are inde- 
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Fir. 2. The flow of lumber from the forest to tlie consumer. 


pendent brokers and incrcbanls. Foreign buyers not infrequently come 
to ihU country to place their orders. 

Competition, Competition in selling lumber is disastrously keen, 
owing to the large number of mills, wholesalers, and retnilcrs. Control 
of production is difficult and is menaced by tlie antitru«=t laws. The 
chaotic condition that results has greatly’ impaired the prospcritj' of 
the industry', oven in “good iirae«5/^ and is now' receiving serious attention, 
witli a view to correction. 

A f'tep^ toward improvement was the creation in December, 1930, 
of the I nited States Timber Conservation Board, appointed by the 
President, to study the problem of con’^enmtive production. The pre- 
carious market for lumber leads to much w'asle of the timber re^-o\irces of 
the country. 
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Associations. In a measure, internal competition in the lumber in- 
dustry is greatly sharpened by the effects of competition with other 
materials, which aggressively seek to displace lumber* This competition 
has led the various regional or species associations of manufacturers to 
organize trade extension departments, which seek to ''promote'^ their 
particular products in general and to discourage the use of substitutes. 

Methods of Financing 

The lumber industry participates to but a limited extent in national 
corporation financing. Only one or two companies are listed on the New 
York Stock Exchange. Such financing as has been done through bond 
issues is mainly through specialized timber investment-banking houses. 
The industry has, on the whole, built up its own capital out of the 
business as it has grown, and its corporations are close rather than public. 
Stock is not widely diffused and, in the case of most companies, is held in 
a few hands On the whole, it is a home-owned industry. The property 
of the lumber companies is mainly their timber, and the financing of 
timber owning is not easy. Because of the nature of its basic financing 
many of the companies of the industry are unduly dependent upon bank 
financing. The larger companies supplement the ordinary financing of 
their local banks by utilization of banks in New York, Chicago, San Fran- 
cisco, New Orleans, Minneapolis, and other central cities. 

Economic Significance 

It IS not simple to separate the lumber industry from the general 
group of forest industries; just where it begins and others end is indeter- 
minable Neither in the woods nor in manufacture is there a plain 
boundary. What the United States Census calls the “timber-products 
and lumber industr}^,^’ which embraces establishments operating logging 
camps, straight sawmills, lath mills, shingle mills, cooperage stock and 
veneer mills, and planing mills operated in conjunction with sawmills, 
had a production, in 1937, valued at §848,481,000. The total production 
of lumber proper was placed at 25,997,000,000 board feet, valued at ap- 
proximately §630,000,000. The secondary industries — ^those that use 
wood as their raw materials — bring the total of the forest-industries 
products, not including pulp and paper, to §2,440,000,000, according to 
the Census of 1937. Lumber- and timber-products industries employ 
323,928 wage earners; and all the forest industries, as defined above, 
725,221, in addition to many thousands of salaried employees. 

There is scarcely any industry that is not dependent upon wood, 
directly or incidentally. It has been called “the indispensable material 
of civilization.^’ Besides its industrial uses, lumber is of enormous sig- 
nificance in the housing and building industries, since it is either the 
primary or an auxiliary material in almost every edifice. Of the more 
than 31,000,000 dwellings in the United States, 25,000,000 are constructed 
wholly or principally of wood; in addition, it constitutes most of the 
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world^s household and office furniture. As an instrumentality of con- 
struction it figures in all buildings, the railroads rest on its crossties, its 
poles carry the telephone and telegraph wires, and it is extensivel}’' used 
in the building of the smaller boats. 

The capital directly involved in the lumber industry in its narrower 
sense is estimated at $3,000,000,000 minimum and $8,000,000,000 maxi- 
mum, with the total of all the forest industries, primary’' and secondary, 
taking the latter figure up to $12,000,000,000. 

Important legislation. The lumber industry is subject to the usual 
industrial legislation but suffers particularly from the unjust incidence 
of real-property taxation and the antitiTist laws. Annual assessments 
and collection of taxes on standing timber as part of the land make timber 
cariying charges oppressive. This stimulates overcutting and discour- 
ages reforestation. It sometimes happens that the sum of annual taxes 
absorbs the value of the increment of a growing forest. The industr}^ 
believes that the annual tax should be wholly on the value of the land 
apart from the timber, and that the latter should be subject to a yield tax 
when cut. 

The antitrust laws, preventing restrictive agreements, make for over- 
production, reduce or wipe out profits, and discourage programs of con- 
tinuous-yield management of forests. It is hoped that the work of tli^ 
Timber Conservation Board will lead to amelioration of taxation and 
other oppressive legislation. The lumber industry benefits from the 
Forest Products Laboratory’' of the United States Forest Service and the 
Lumber Division of the Department of Commerce. 

Future of the Industry 

The conviction is growing in the lumber industry^ that its future pros- 
perity’' depends much upon carrying manufacture as far as possible, thus 
getting away from the low-price level which is almost universally 
associated wdth basic materials. This will involve horizontal 'and per- 
pendicular integration and vnll extend the industry^ into the realm of 
chemical manufacture. Lumber mills, pulp and paper mills, and 
various mills of secondary manufacture will be united in a single ovnier- 
ship. Wood, it is thought, will come more and more to be looked upon 
as analogous to mineral ores as a material for conversion into other sub- 
stances, from which finished goods will be made. In other words, the 
forests will be considered producers of lignin and cellulose, and the 
natural form in which those materials appear will be less and less directly 
used. Under such utilization, forests may be cropped several times m a 
generation, and yield a much larger total of industrial material than at 
present. In view of the 500,000,000 acres of forest land in the Unitctl 
States, there is no fear of a general wood shortage.* The present supp*y 
of standing saw timber is estimated at 2,000,000,000,000 feet — ciiorfi '> 
last for 60 y^’cars at the present rate of consumption, which will prrh " 
decline. Reforestation and sustained-yield management of })rivatc for- 
ests are certain if economic condition's make tliem profitable. 
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The future may see a decline in the use of lumber, as it is now known, 
but the prospect is that forest utilization will, eventually, augment. 
Owing to the fact that wood is replaceable, growable, it will be called 
upon more and more to supplement the exhaustible materials, the min- 
erals, as the pinch of scarcity begins to be felt in them— a period that, 
for some, is not remote. 
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The Pulp and Paper Industry 


In 1940 the paper industry celebrated the 250th anniversary of the 
establishment of the first paper mill in the United States. Since 1690 
the industry has grown steadily, and today it ranks high among the first 
ten American industries. During its two and one-half centuries of 
growth, the industry has become almost inconceivably complex not only 
in its technology but also in its economic structure. 

The importance of the industry in modern economy is rarely appre- 
ciated by the layman. This lack of appreciation is not surprising be- 
cause the layman purchases but little paper as such. And this in spite 
of the fact that he is literally wrapped in paper from birth to death ! The 
per capita use of paper in the United States, for instance, now averages 
well over 250 pounds a year. Practically all of it comes to the ultimate 
consumer as an adjunct of some other product or of some service. Paper 
is a newspaper, it is a box, it is a towel or a napkin, or it is a thousand 
or more other articles which are delivered to the consumer but for which 
he rarely ever receives a bill. 

What paper is. Paper is a product composed of vegetable fibers ♦ 
oriented and matted together in the form of sheets of varying thicknesses, 
which possess flexibility and strength and which can be cut or reraanu- 
factured into an almost infinite number of sizes, shapes, and articles. 
Paper is both a raw material and a finished product. In production it is 
well adapted on the one hand to the processes of mass production, and 
on the other hand to highly specialized manufacture. 

The *5,000 or more grades or kinds of paper fall into two broad classi- 
fications: those which are used for cultural purposes such as printing and 
writing; and those which are used for mechanical or physical purposes 
such as wrapping, packaging, sheathing, and roofing. The latter class is 
of comparatively recent development and it is growing rapidly every 
year as paper and paper products are substituted for other materials or 
products. The cultural uses reach back to the beginning of the Christian 
era; it was the demand for cultural purposes that provided the urge for 
the invention of paper. 
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Distribution, Capitalization and Sales of the Industry 

The industry which produces paper in the United States is widely 
distributed; some paper is manufactured in each of 37 states. The 
industry is located both in the forested states from wliich adequate wood 
can be obtained for the manufacture of w'ood pulp, the principal fibrous 
material used in paper manufacture, and in industrial states to which 
wood pulp is shipped and from which fibrous materials can be collected in 
the form of waste paper, rags, and other sccondaiy products. 

Well over $2,000,000,000 arc invested in the primary industry in the 
United States and nearly another billion is invested in the secondaiy^ 
industries which remanufacturc or convert paper into paper products. 
Some 250,000 workers are employed over-all in the industr}^ slightly 
more than one-half in primary production. In addition, perhaps an 
equal number of workers is employed in the production and collection of 
raw materials for use in the industr>% many of W’hom arc farmers \^ho 
supplement their agricultural income by the production of pulpwood 
during slack seasons. 

The annual value of the industry's primary products ranges well over 
$1,500,000,000. The value of the converted products reaches nearly a 
billion. A substantial and rapidly growing additional value accrues to 
the industry from the sale of wood pulp to other industries for the manu- 
facture of plastics, rayon, explosives, and for a host of small uses. 

History of Paper Manufacture 

Invented at the beginning of the Christian era, handed down from 
generation to generation, passed on from race to race, the art of paper- 
making has come to the modern world essential^ unchanged in basic 
principle. During 20 centuries man has refined original processes, stand- 
ardized products, and quickened production, but many of the products 
now made by machineiy and at great speed are not unlike those few 
sheets laboriously turned out by the first Chinese paper-maker. Yet 
paper manufacture has never been static; rather it has always been, as 
it is now, in a state of progress. It has flowed with humanity down 
through the ages, and upon its products the stream of history itself is 
recorded. 

The search for a recording medium. Man has struggled long to 
climb the ladder of progress, and civilizations had waxed and’ waned 
before real paper w’as discovered. Previouslj^, baked clay tablets, 
smooth stone surfaces, metal plates, the bark of trees, wax tablets, and 
dried skins had been tried and sometimes used extensively before papyrus 
was generally adopted as the best writing material by the Greco-Eoinan 
world. The discove:^" of papyrus is shrouded in the distant past; v/cli- 
preserv’^ed rolls bearing the partial records of ancient Egj^pt have been 
found in the tombs of the earliest Pharaohs. Papyrus reached its 
greatest importance in the Hellenistic Period following the death of 
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Alexander the Great. Along with parchment it continued to serve the 
needs of man after the fall of Rome until it ^Yas finally supplanted by 
real paper introduced from the East in 900 A.n. Yet it left its imprint 
for all time; the modern word ''paper’’ is derived from the Greek word 
"papyros.” Oddly enough, papyrus was not paper; it was made of stalks 
of a sedge thinly sliced, lapped together, and pressed into sheets. 

The invention of paper. The original invention of paper is credited 
to Tsai Lun, wlio, it is recorded, reported the discoveiy of processes and 
techniques to the Chinese Emperor in 105 A.n. Silk and bamboo, pre- 
viously used as recording media in China, were unsatisfactory, and Tsai 
Lun undertook investigations to find new materials. He first experi- 
mented with the inner bark of the mulberry tree, which he successfully 
converted into paper by first reducing it to a fibrous condition and sub- 
sequently matting the fibers into sheets. Later he extended his research 
to rags, hemp, and fish nets and found rags the most satisfactory. • From 
then until the middle of the nineteenth century rags remained the chief 
paper-making material, and they are still used today in fine papers and 
in papers of special characteristics. 

The use of the newly discovered material for recording purposes gradu- 
ally spread throughout China. The art of paper-making was established 
in Arabia in the early part of the eighth century when the Arabs captured 
several Chinese paper-makers in Russian Turkestan. Commanded to 
continue their art, the prisoners successfully taught it to the Moors at 
Samarkand. The art spread quickly to other cities in the Near East, 
becoming established in Bagdad in 795. Paper-making soon became an 
integral part of the Moorish culture which was to contribute so much to 
the rise of western civilization. 

Early paper manufacture in Europe. Paper was unknown in western 
Europe until the Moorish invasion in the eighth century. Whether the 
Moors actually brought paper during the invasion or whether it was 
brought after the conquest by commercial travelers from the Moorish 
colonies in northern Africa are moot questions among historians. At any 
rate, history records paper mills at Xativa, Spain, and Fabriano, Italy 
' in 1150, in France in 1189, in Germany in 1291, and in England in 1330. 

While the use of paper remained confined to the upper classes of 
society, the output of the few mills was sufficient to meet the modest 
requirements. At the beginning of the Renaissance, however, the whole 
tempo of social and commercial life quickened. Education, stimulated 
by the development of printing, sifted downward from the upper classes 
and cultural standards rose rapidly. The intangible desire of the few* 
for information and news rapidly became the vital necessity of the many. 
The demands of a growing civilization taxed the mills to the utmost, and 
the inadequate supply of rags soon limited the expansion of the industry. 
Henceforth until the nineteenth century, the inadequacy of the rag 
supply was a constantly more pressing problem. 

Invention of paper-making machinery. During the Industrial Revo- ‘ 
lution the crafts, among them the art of paper-making, burst from the 
stagnation of the Middle Ages. Machines appeared and power caroe 
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into general industrial use. The paper industry, like all others, felt the 
changes. In about 1750, in the Netherlands, the forerunner of the 
modern Hollander ^ a beating engine, was invented for tearing rags apart. 
In 1797, Louis Robert, a French workman, visualized the possibilities of 
matting fibers by machinery. A few years later in England his imperfect 
machine was improved by Henry and Sealy Fourdrinier, who constructed 
the first paper machine in 1803. Its successful operation revolutionized 
the wdiole industry’', for it provided a means of making paper rapidly, 
continuously, and cheaply. The laborious and slow hand methods of 
making one sheet at a time gradually gave way to machine methods. 

Discovery of the wood pulp processes. The perfection of power- 
driven machinery’' emphasized the inadequacy of the rag supply and 
stimulated research in raw^ materials. Early investigations of the use of 
other materials w^ere carried on in Germany, France, and England and 
some interesting treatises were published. These treatises, however, 
suggested rather than proved the feasibility of using other substances. 
The first important publication in English was a research report by 
Machias Hoops shortly after 1800, which contained samples of paper 
made from straw, leaves, w’ood, and several other vegetable materials. 
But practical results were not obtained until 1840, when Keller invented 
the wood grinder in Germany. 

A grinder was set up and operated successfully in 1854. Although 
differing widely from rag pulp in strength and quality, the resulting pulp 
gradually found use in mixtures with rag pulp in the production of 
papers for which permanency was not required. Mechanical wood pulp, 
or groundwood, as the new pulp was called, did not replace rags; it was 
simply a substitute for a portion of the rag content in many papers. 
Rags still remained essential to the industry. 

The next outstanding contribution was made in 1867, w^hen Tilghman^s 
work in the United States laid the foundation for the subsequent develop- 
ment of the sulphite pulping process. In his chemical research Tilghman 
had noticed that sulphurous acid dissolved the ligneous constituents of 
wood, leaving a residue of cellulose fibers. He found these fibers suitable 
for paper manufacture, but his efforts to perfect a commercial process 
were unsuccessful. Later, however, Ekman carried the work further in 
Sweden and developed a commercial process. At the same time 
Mitscherlich was working along similar lines in Germany, and Ritter and 
Kellner were also experimenting in Austria. These three adaptations of 
Tilghman’s w^ork proved successful and all were in operation by 1882. 

. In addition to the sulphite and mechanical processes of making wood 
pulp, three other processes are now recognized, all using sodium as a 
base: the sulphate process discovered by Dahl in 1884; the soda process 
actually tried in 1851 but not found commercially practicable until much 
later; and the various semi-chemical and neutral processes, some of which 
have been used with more or less success and some of wliich are now in 
' the development stage. All of these processes are primarily designed to 
pulp w’ood. 

The improvements of the chemical processes and the rapid establish- 
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ment of pulp mills throughout the world marked a fundamental change 
in the paper industry. No longer were paper manufacturers handi- 
capped by an insufficiency of raw material The way was open for rapid 
expansion, and manufacturers in those countries which possessed ade- 
quate supplies of suitable pulpwoods initiated expansion programs upon 
which the world industry rests today. 

Paper Manufacture in the United States 

The manufacture of paper in the United States began in 1690, when 
the Rittenhouse mill was erected near Germantoum, Pennsylvania. 
Promoted largely by William Bradford, this mill was successfully op- 
erated by William Rittenhouse, a paper-maker by training. It is prob- 
able that a second mill was built at Elizabethtoum, New Jersey, in 1728. 
In the same year a mill was erected in Delaware County, Pennsylvania, 
by Thomas Wilcox, in which writing, printing, bank-note, and other types 
of papers were made. The establishment of the industry in New Eng- 
land probably also dates from 1728, when a group of notable figures in 
colonial history obtained permission to build a mill in Massachusetts. 
The first New York mill was erected in 1768, at Hempstead, Long Island, 
at what is now the town of Roslyn. - 

At the time of the Revolution there were many paper mills in the 
colonics. Nearly atl of them were small two-v^t affairs which required 
no more than ten men to operate. All operations except beating were 
conducted by hand. Sheets were made by dipping a mold into a vat of 
'ffialf stuff, the pulp in water suspension. The water was removed by 
hand presses and by drying on poles. About $10,000 capital properly 
employed was sufficient for the erection of a mill and for meeting the 
usual running expenses — a figure that is, insignificant compared with 
present investments. Rags were obtained locally. Although the diffi- 
culty of obtaining them in sufficient quantities handicapped the early 
paper-makers, most of the paper needs were met domestically in late 
colonial times. A serious shortage of paper occurred during the Revo- 
lutionary War period, but it was comparatively short-lived, as evidenced 
by Alexander Hamilton’s report in 1791 that the '^manufacture of paper 
was most adequate to a national supply.” 

The erection of paper mills continued during the first decade of the 
nineteenth centu^^^ The first census of manufactures in 1810 reported 
179 mills in 17 states, exclusive of Massachusetts, and the total output 
of the year was probably about 3,000 tons. At this time the domestic 
supply of rags was particularly inadequate, and imported rags were 
widely used. Their scarcity and expense stimulated investigations of 
other materials as a fiber source, but the earlier researches were fruitless. 

European competition. In 1815 the growing industry suffered its 
first serious setback; it was literally swamped by a flood of paper from 
Europe with^ which the domestic mills were unable to compete. How 
disastrous this competition was is shown by the census of 1820, in which 
but 108 mills were reported in operation as compared with 179 mills 10 
years earlier. But the industry soon revived after tariff adjustments in 
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1822. It then began a steady technical development and a constantly 
increasing growth which swept it on to greater and greater achievements. 

Advent of paper-making machines. The first Fourdrinier paper 
machine was brought to the United States in 1827 by Henry Barclay to 
be installed in a mill in Saugerties, ISIew York. In 1830 Phelps and 
Spafford, of South Windham, Connecticut, undertook the manufacture of 
Fourdrinier machines. From then on the number of machines increased 
rapidly. It is said that by 1850 paper machines were used in every mill 
in the United States except two. 

Beginning of the modern paper industry. Up to 1850 both processes 
and machinery were constantly improved, as e^^denced by the rising out- 
put trends. But even greater improvement was to come. The thirst for 
news during the period leading up to and during the Civil War stimulated 
the consumption of printing papers. The industry strove to keep abreast 
of the demand. Hampered by the ever-present shortage of rags, it turned 
to straw, and straw paper for printing and wrapping became general. 
But rags still dominated the industry; their high prices required equally 
high prices for paper. The really great strides of the industry were still 
to come; the modern industry had not yet begun. 

The modem industry and the modern varied use of paper began in the 
eighties, when wood pulp papers appeared. Paper prices soon fell and 
demand was stimulated.. Paper became an everyday article of commerce 
and available to all. By 1890 a new paper industry had been built up 
to supply an ever mounting demand. Upon this framework American 
manufacturers have built an industry that produces more than one-half 
the world’s total output. 

In this growth of production and consumption, technical development 
played a large part. In 1866 the first wood grinder was installed in the 
United States, and by 1870 8 groundwood mills were reported; 10 years 
later 42 additional mills used grinders. The greater cheapness and the 
consistent improvement in quality encouraged greater consumption. The 
manufacture of sulphite wood pulp, first introduced into the United 
States in 1882 by Charles S. Yfiieelwright, reached a practical basis in 
the nineties and thereafter the number of sulphite mills grew rapidl}'. 
Soda pulp mills were erected also. Sulphate pulp did not appear until 
about 1910 ; and its importance was not marked until after 1920. Since 
then its production has increased steadily, and today it leads all other 
kinds in volume of annual output in the United States. 

Regional expansion. Early in its development the modern industry 
centralized in New England, because there adequate supplies of spruce 
pulpwood could be obtained. In the nineties the industry expanded, to 
the Lake States, wdiere a rapid growth took place. Until after the First 
World War these regions produced most of the wood pulp and paper 
manufactured in the United States. Further expansion in these regions 
had by then become difScult, for the industry had reached the limit of 
available spruce pulpwood supplies and was depending more and more 
upon Canadian spruce pulpwood, which had begun to be imported as 
early as 1895. 
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In the first decade of the twentieth century, before methods for pulping 
other kinds of w^ood more plentiful in supply in the United States had 
been developed, wood pulp manufacture expanded rapidly in Canada. 
Increasing percentages of the output were exported to the United States. 
After 1920 imports of wood pulp from northern European countries com- 
peted not only with domestic production but also with imports from 
Canada. Moreover, the duty on newsprint paper was removed in 1913, 
giving Canadian producers new market advantages which were immedi- 
ately grasped. A tremendous growth in newsprint production occurred, 
eventually placing Canada in world leadership in this branch of the 
industry. In the period following 1910 the United States built up a 
heavy dependence upon outside sources for pulpwood, wood pulp and 
newsprint paper. Imports of these products reached values which ex- 
ceeded those of any other single group of industrial products manufac- 
tured in substantial quantities in the United States. 

Meanwhile the domestic industry was not idle. After intensive re- 
search the southern pines proved suitable for the manufacture of sulphate 
pulp for conversion into wrapping paper and paperboards. Pulping 
techniques were developed to use western pulpwoods and a rapid expan- 
sion in manufacturing facilities in Oregon and Washington began. These 
developments added substantially to American production, so much so 
that dependence upon alien sources was reduced in all grades of pulp and 
paper except in newsprint. 

Raw Materials for Paper and Pulp Manufacture 

In most papers only the cellulose fibers of plants are used; in some 
kinds, however, as in newsprint, the fibrous material is used in entirety. 
The basic principle of paper-making is to separate out the fibers in the 
raw material, treat them to facilitate their use, and mat them into a 
sheet on the paper machine. The process of separating the fibers is 
known as pulping, and that of matting them together is the actual paper- 
making process. 

The materials used in the manufacture of paper may be divided roughly 
into fibrous, chemical, and manufacturing. The first are made up of 
pulpwood, straw, rags, jute, and other materials of like nature; they form 
the main substance of the finished sheet. The more important chemical 
materials are sulphur, lime, caustic soda, and salt cake used in pulping, 
and rosin, sulphate of aluminum, clay, and casein in treatment of the 
pulp and in finishing the sheet. The manufacturing materials consist 
largely of coal, power, and water. 

Fibrous materials. In theor}% practically any vegetable material can 
be used in paper manufacture. In commercial practice, however, those 
plants are used which are high in cellulose content and which are in- 
expensive to obtain and to pulp. The length and shape of the fibers 
xvixy wdth the characteristics of the plant and with conditions under 
which it is grown. In modern paper manufacture a variety of different 
fibers arc required to make the wide range of products in common use. 
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used with, mixtures of fresh or virgin pulp, principally sulphite wood 
pulp. Here the waste paper replaces soda pulp, which is used in virgin 
sheets. Limited quantities of waste paper of selected grades are used 
in other papers, but in no case are the requirements particularly im- 
portant. Between 400,000 and 500,000 tons are used annually in grades 
other than paperboard. 

Pidpwood, Although it is difficult to compare the use of pulpwood 
with that of other fibrous materials because pulpwood is measured in 
terms of volume rather than weight, it is generally held that pulpwood 
comprises about 90 per cent of the primary fibrous material used in paper 
manufacture. Waste paper is eliminated in this comparison because 
actually it is wood pulp, but available in a waste form. 

The importance of wood as a paper-making material is principally 
attributable to its relatively low cost Wood is the accumulation of 
many years growth on a given area of land. It is compact; it is easily 
handled; it may be cheaply stored; and its pulp yield is relatively high. 
The total supply of pulpwood in the United States, all kinds considered^ 
is ample for any expected domestic need. In those kinds in which the 
national supply is inadequate, substitution is occurring and imports from 
other countries are usually available in greater quantities than are 
needed. In fact, the demand upon the nation's forests for pulpwood is 
still less than 10 per cent of the total annual drain. 

Pulpwood is composed of sections of the trunks of trees especially 
prepared for conversion into wood pulp In all countries and in all 
regions of the United States except the Pacific Northwest, pulpwood 
consists of short sections ranging from approximately 4 feet in length 
upward and from 4 to 14 inches in diameter. In the Pacific Northwest 
logs are cut in the typical power logging operations common in the pro- 
duction of logs for lumber. 

Mucli of the pulpwood produced in the northern states is cut and 
peeled in the spring months when the bark can be removed by hand tools. 
Except in the more accessible areas peeled wood, as well as rough wood 
cut in the late fall, is transported from the woods to the mill or to an 
intermediate shipping point on snow or ice roads during the following 
winter. In the Northeast and in Canada much pulpwood is river-driven 
from the forest to the mill during the high-water periods in early spring 
Most northern mills carry large stocks of pulpwood to tide them over the 
relatively long periods between cutting and receipt at the mill. 

In the South, climatic conditions are such that pulpwood operations 
can be carried on continuously, and extensive storage is unnecessar3^ 
Pulpwood operations arc integrated closely with' mill requirements, and 
the wood passes directly into processing upon receipt at the mill. jMost 
wood in the South is delivered in rough form; the bark is removed at the 
mill by mechanical equipment. 

Far-reaching changes liavc taken place in tlie use of pulpwood since 
the introduction of the wood pulp processes in the 80's. Research has 
proved the suitability of many other kinds of wood and these are now 
quantitatively more important in American use than spruce, because of 
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their greater availability. Figure 1 shows the consumption of pulp- 
wood by the more important kinds since 1899. 

The rapidly rising use of pine, principally southern pine, and of hem- 
lock, chiefly western hemlock, illustrates the e.xtent to which regional 
expansion of the industry has taken place in recent years. The declining 
use of spruce in the United States must not be considered as an indication 
that the requirements for wood pulp manufactured from spruce have 
dropped to the same extent. This is not true. In the absence of exten- 
sive supplies of spruce, more and more of the spruce requirements of the 
United States have been supplied in the form of newsprint paper and 



Fig. 1. Consumption of pulpwood in the United States, 1S99-1939 Source. 
Departmenf of Commerce, 


TTood pulp imported from more northerly located countries where 
grows more prolifically. 

Chemical materials. The chemical materials used in paper luanu 
facture are of two varieties: those used in pulping and those used P 
treatment and paper finishing. The first group are used simply as 
to separate the fibers of the pulp material; they are not present in t 
final product. Part of the chemicals in the latter group are lost in 
manufacturing process, but some, such as alum, clay, rosin, and casein, 
are retained in or on the sheet, giving it desirable characteristics ^ 
modern technique has developed, the use of chemicals has increase 
Nowadays many different chemicals are used which formerly 
considered useful. This increase is due not only to the special character- 
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istics which chemicals give the final product but also to the fact that 
chemicals facilitate the control and standardization of processes. 

With few exceptions, most paper-making chemicals are of domestic 
origin. Some are well distributed geographically and may be drawn 
from near-by sources. This is true of lime and limestone. Sulphur, on 
the other hand, comes wholly from the Louisiana and Texas mines, and 
its cost, delivered to the pulp mill, is directly proportionate to the trans- 
portation charge. 

Manufacturing materials. Manufacturing materials have an im- 
portant bearing upon pulp and paper manufacture and particularly upon 
mill location. In fact, it is just as important to possess advantages in 
these as in fibrous materials or even in market accessibility. 

Water. In addition to being necessary for boiler feed, water is re 
quired in the pulp and paper industry for making chemical solutions 
needed in the manufacturing processes, for washing out impurities such 
as spent chemicals and dirt from the pulp, and for conveying the stock 
throughout the system and upon the paper machine. 

The quality of water is important, especially in the production of high- 
grade papers. This is true in spite of the fact that most pulp and paper 
mills now have filtering systems and water treatment plants. 

Power. The pulp and paper industry is a large user of power. Power 
is required chiefly for running the paper machine and other equipment. 
It is needed particularly in grinding wood for the manufacture of news- 
print paper; ample and cheap power is as essential to newsprint manu- 
facture as adequate supplies of pulpwood. 

The industry is closely identified with hydroelectric power develop- 
ment, for modern practice tends more and more toward electric drive. 
Many small mills either purchase electric power or generate their own 
steam power. Yet some small mills, particularly in the Northeast, use 
water power which is controlled by tlae company. IWiolIy owmed and 
operated hydroelectric power stations may be a part of the industrial 
make-up of the large company, particularly in Canada. 

FticL Fuel is needed in paper-making, chiefly to generate steam for 
drying purposes and for cooking the pulp. It is, of course, also used to 
generate steam power. The fuel requirements are heav^^; from one to 
one and one-half tons of coal, or its equivalent in oil, is required in the 
production of a ton of paper. Cheap fuel is obviously a necessity for 
low-cost production. There arc wide variations in fuel costs in the 
industry, dependent, of course, upon transportation charges from coal 
mines or oil wells. In general, fuel costs are higher at the northern mills 
as compared with the southern mills, many of which Use locally .supplied 
natural gas. ]Many western mills have been able to reduce their fuel 
costs by using wood waste from neighboring sawmills. 

Labor Requirements 

The skill requirements of labor employed in pulp and paper manu- 
facture are relatively high, for the industry is characterized by its large 
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and highly complicated machines. Labor requirements center in machine 
operators and in highly skilled maintenance men. Moreover, many 
processes are controlled entirely by the man in direct charge of the 
equipment. Some companies still rely upon the judgment of operating 
men in such matters as cooking and beating time and even in the make-up 
of the paper-making formula, or “furnish,*' as it is called. To these 
companies paper-making is still an art and many of their employees are 
highly skilled artisans. 

The use of unskilled labor in the mill is relatively limited. Such labor 
varies widely, however, with the type of mill and the efiSciency of its 
design and management. Most labor is male. Female labor is employed 
for rag-sorting and for counting and finishing sheet paper. Technically 
trained men are in demand in the industry and are tending to displace 
the so-called “practical” man in the higher operating positions* Many 
are employed in research activities in which the industry ranks high 
among all industries. 

There are two important labor organizations in the industry, both of 
which axe American Federation of Labor unions. Efforts have been 
made by the C. I. 0. to organize the industry but without marked success 
except in some converting industries. Somewhat more than half of the 
industry's workers are union members. As a rule, union leaders work m 
harmony with mill executives, and strikes and lockouts are infrequent. 
Because of the close cooperation between the two A. F. of L. unions, the 
industr^^ has fortunately been spared jurisdictional disputes.^ 

Manufacturing Processes 

The processes by which pulp and paper are made are exceedingly 
complex, as indicated in Figure 2, which shows in diagrammatic fotin 
a flow chart of major materials and processes. The paper-making 
process falls into five major classifications: manufacture of pulp; P^lP 
preparation; paper-making; finishing of the paper; and the conversion 
of paper into paper products. 

Pulp manufacture. Pulp is manufactured by four major processes 
which are briefly described below. All of them are used in the production 
of wood pulp; one, the soda process (or modifications of it) is used o 
pulp most other fibrous materials. Some progress has been made in tlie 
development of other processes, mostly designed for pulping wood. Some 
of them are being used in specific instances. , 

Mechanical wood pulp. In the mechanical process, wood pulp is ma p 
by grinding wood on a revolving grindstone which tears the fibers 
without significant chemical change. Because the resulting pulp con- 
tains practically all of the woody as well as cellulose constituents of t ^ 
original wood, it is not stable, nor can it be bleached. Its use, therefore, , 
is confined to papers in which permanency and color are not important 
such as newsprint, catalog and hanging paper, and certain paperboar s. 
The process is exacting in its wood requirements; relatively soft, non' 
resinous woods such as spruce, balsam fir, western hemlock and 
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are usually sought Recently a process has been developed for gunding 
southern pine, and a newsprint mill making Uisc of this process has been 
established m Texas. 

Sulphite wood pxdp In the sulphite process, wood pulp is made by 
cooking wood cliips in an acid liquor, chiefly bisulphite of lime, at fairly 
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host of specialties. Refined sulphite pulps arc desirable for rayon, 
plastics, lacquers, and many other products, as well as for high-grade 
paper. Sulphite pulp is also exacting in its wood requirements, for it 
can be used only with non-resinous woods. Spruce, balsam fir, and 
western and eastern hemlock are the principal species reduced by this 
process. 



Fig. 3. Sulphite wood pulp digestors in course of construction before Jiousing 
before installation of auxiliary equipment. 
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Soda pidp. In the soda process wood pulp is made by cooking wood 
chips in caustic soda solutions under conditions similar to those used in 
the manufacture of sulphite pulp. This process is "used principally to 
pulp the short-fibered hardwoods such as aspen, gum and poplar. It is 
also used to pulp most materials other than wood. Soda wood pulp is 
employed chiefly in mixture with sulphite wood pulp in book and other 
printing papers. It has been replaced in many mills by waste-paper 
pulp. 

Sulphate wood pulp. The sulphate process is a modification of the 
soda'process in which sodium sulphide is substituted for a portion of the 
caustic soda in the cooking liquor. The presence of the sulphide permits 
more rapid and uniform pulping of a less drastic nature. The pulp is, 
therefore, very strong — ^lienee the name ^^kraft pulp/' German for ^^strong.'' 
The sulphate process will pulp any kind of wood; it is used principally, 
however, to pulp long-fibered woods to obtain strong pulps. It is used 
in unbleached form in wrapping papers, paperboard, and specialties 
where strength is necessary and color is unimportant. In bleached form, 
a relatively recent development, it is applied to the making of food- 
container boards, file folder stock, wrapping papers, and specialties. 

Pulp preparation. The detailed processing of pulp is different for each 
kind of paper. In general, however, all pulp must be thoroughly w^ashed 
and screened and it must pass through some sort of beating process to 
prepare it for use. Pulps for the manufacture of white papers must be 
bleached. Bleaching is a process of oxidation by means of hypochlorites 
of calcium and soda. 

The beating process consists of circulating pulp between a heavy roll 
and a bed plate, both of which are provided with blunt steel bars The 
beating action brushes out the fibers, bruises them into a more or less 
gelatinous condition, hydrates them, and separates the bundles so that 
each fiber floats free in water suspension. Much of the difference be- 
tween grades of paper, other than that inherent in fibrous materials, re- 
sults from different beating treatments. In the beater many of the other 
ingredients of paper are added, such as size, dyes, loading materials, and 
so forth. 

In newsprint and Icraft wrapping paper and paperboard manufacture, 
Jordans are used instead of beating engines. They also supplement 
beating engines in the production of many other grades. Action in the 
Jordan is somewhat similar to that of beating but not so complete. The 
advantage in using Jordans is that the flow of pulp is not interrupted. 

Paper-making. Paper is made upon two types of paper machines. 
The most common is the Fourdrinier, named after the manufacturer of 
the first paper machine. 

The Fourdrinier paper machine is actually a series of machines. The 
pulp in water suspension flows onto a moving wire-screen belt. The 
water drains through the belt by gravity aided by suction rolls and by 
capillary action of the supporting table rolls. At the end of the belt it is 
picked off on a woolen felt, which carries the web of fibers through a . 
series of press rolls, where the web is compressed and additional water is 
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squeezed out. From the press section, the web passes through a seriejs 
of heated cast-iron cylinders where it is dried At the end of the 
cylinders the sheet, which is now completely formed, is calendered by 
being passed between hea\^ polished rolls The finished paper is wound 
upon reels at the end of the machine. 

There are two important modifications of the Fourdrinier paper ma- 
chine which are used principally for light-^\ eight papers. These are 
known as the Harper and the Yankee machines. 
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film of stock upon the sfime ^\’oolcn felt — are used in the manufacture of 
hea^"^'•^Ycight papers and paperboard. In making such papers, it is 
possible to use different kinds of stock in the different vats. This prac- 
tice is advantageous for certain types of paperboard. 

Cylinder machines are limited in tlieir speed because of the centrifugal 
force of the revolving cylinders. They rarely are operated above 400 
feet per minute. The limit of speed of the Fourdrinier machine is 
chiefly its drying capacity. Fourdrinier machines in newsprint and la’aft 
wrapping-paper manufacture operate up to 1,500 feet per minute and 
some special machines have been designed to operate as high as 2,000 feet 
per minute. Because of the pressure for production, modern practice 
tends more and more toward the Fourdrinier machine, even for the manu- 
facture of paperboard. As speeds have been stepped up, machines have 
been made constantly wider, up to and even exceeding 300 inches. 

Both types of machines arc driven by synchronous motors which have 
replaced gear drives formerly used. The synchronization of the motors 
must be exact — for any difference in speed will break the web of paper 
which passes through the machine, and in the latter sections this web has 
no support. 

The paper machine is one of the largest machines in industry. It is 
also one of the most expensive. A modern installation costs in excess of 
a million dollars. 

Paper finishing. Paper comes off the paper machine in large rolls. 
The reduction of these rolls to the sizes and forms requhed is accom- 
plished in the finishing room of the paper mill. 

In cases where paper is delivered in rolls such as newsprint, printing, 
and wrapping, the large reels from the paper machines are slit to the 
proper sizes as they are rewound. These are then wrapped and labeled 
for shipment. Here the finishing process is relatively simple. 

Paper which is sold in the fom of sheets must be cut to proper size, 
and in the case of high-grade paper, each sheet is inspected, counted, and 
packed. Paper that is sold in accurate sizes must be trimmed after cut- 
ting. These processes, althougli relatively simple, require extensive fin- 
ishing departments, particularly in book- and writing-paper mills. 
Most mills use female labor for inspection, sorting, packing in small 
lots, and in sealing the packages. 

The manufacture of paper products. Relatively large percentages of 
the paper produced in the United States are converted into paper prod- 
ucts either in conversion departments connected with the mill or by inde- 
pendent converters. 

The number of paper products and the processes employed are alto- 
gether too numerous to be described. Several processes, however, fall 
into two broad classifications; one is the surface treatment such as gum- 
ming, coating, embossing, and striping, and the other is cutting, folding, 
and shaping flat paper into containers and various other products. 

The coating of paper as, for instance, the manufacture of coated book 
paper, is accomplished by the application of coating materials to the 
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surface of the sheet. Claj^ casein, talc and other substances are used. 
Other surface treatments such as embossing, striping, and ruling are done 
on machines specially made for the purpose. 

In the manufacture of bags, boxes, and other containers, special equip- 
ment has been developed which completes the whole process in a single 
operation. Similar special equipment has been devised for the manu- 
facture of many other products, although not all of it completes the 
product in one operation. 

Degrees and Stages of Integration 

The preceding description of processes and manufacturing procedures 
does not by any means represent a t>q)ical paper and pulp mill. It is, 
rather, an over-all picture. There are no single mills in the industry 
which manufacture all kinds of paper and there are but two or three pulp 
mills which produce all four of the principal kinds of wood pulp. 

Actually, the industry is broken by horizontal and vertical lines of in- 
tegration. The instances of identical degrees of integration are rare. 
Many of the economic complexities hark back to this hodgepodge within 
which advantages are constantly shifting and the degree of integration 
itself is never quite stable. 

Pulpwood procurement. Variations in integration begin with the 
first step, in the procurement of pulpwood. Some mills produce all of 
their pulpwood requirements under their own auspices from forest lands 
ovTied or controlled by themselves. Others produce their wood under 
similar conditions of ownership through contractors. Still others pro- 
duce w'ood that is purchased on the stump from independent forest oven- 
ers, either by themselves or through contractors, ]\Iany purchase thrir 
wood from independent owners in prepared form, delivered at the mill or 
at convenient shipping points. Pacific Coast mills, and a few in 
other regions, have integrated pulpwood production with lumber manu- 
facture, using for pulp the logs of the species which are more valu- 
able for that purpose than for lumber. In addition, some mills, particu- 
larly in the West, use waste from lumber manufacture in their pulp 
mills. 

The effort in each case is to set up methods which will assure supplies 
at competitive costs consistent ndth the local conditions of operation and 
supply. Even though each mill attempts to obtain its woods at competi- 
tive costs — ^naturally the competition is at the source and not at the milL 
which may be far or near — the variations in f.o.b. mill costs are wide, 
particularly in the older regions, because of differences in hauling dis- 
tance, Although part of such differences may be offset by similar varia- 
tions in freight charges on finished products, substantially large spreads 
remain, which may dictate policy with respect to integration and to 
tj^pe and grade of manufacture. 

Wood pulp and paper manufacture. The conditions described with 
respect to pulpwood are primarily important because of their influence 
upon wood pulp production and costs. In addition to these influences. 
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of course, there are numerous others which relate to manufacturing ef- 
ficiencies and techniques. These are important. But the most serious 
problems arise not so much between individual domestic producers of 
wood pulp but between domestic producers and users as a group and 
users of imported wood pulp. This involves the integration of pulp and 
paper manufacture. 

The American paper and pulp industry comprises 535 companies 
operating 731 mills. Of these there are 120 paper companies with which 
188 wood pulp mills are integrated. Only 16 pulp companies are inde- 
pendent — that is, not integrated with paper production under the same 
management. Contrasted with this, there are 611 paper mills which 
produce no wood pulp. These mills and some wood pulp producing pa- 
per mills which supplement their own production by purchases of differ- 
ent varieties normally consume about 2,350,000 tons of wood pulp an- 
nually, which represents about one-quarter of all wood pulp used in the 
United States. Of this amount, sales of domestic wood pulp for paper 
amount to about 750,000 tons per year, based upon tlie record of pre- 
war years. The balance of the consuming mills^ requirements is nor- 
mally drawn from imports. 

All important paper-grade groups are produced in both integrated and 
non-integrated mills with the principal exceptions of newsprint and lu*aft 
paper and board. The exceptions are produced under mass production 
conditions in which a continuous flow is maintained from the wood pile 
io the finished product, although even here a few newsprint mills pur- 
chase theii chemical pulp requirements. In other grades almost every 
possible degree of integration, or lack of it, is represented. Generally, 
however, the tonnage items in each grade group are produced in in- 
tegrated mills. 

The converting paper mill. The so-called non-integrated mill, gen- 
erally known as a converting mill, is dependent upon purchased wood 
pulp. This does not mean that the converting mill is wholly non-inte- 
grated, for it invariably produces its requirements of pulps other than 
wood pulp to the extent to which it uses such pulps. It reduces to pulp 
its waste paper, and it manufactures its ovm rag, straw, rope, and jute 
pulp stock from materials which it purchases. All such pulps, except rag 
pulp when used exclusively, and straw pulp, are generally mixed with 
varying percentages of wood pulp, dependent upon the type of paper for 
which they are used. 

Essentially, the converting mill is one which can utilize a variety of 
pulp materials to produce papers of numerous kinds or of special charac- 
teristics. Most, although by no means all, are small and many are old, 
some being originally pulp-producing mills which were forced to discon- 
tinue pulp manufacture. This definition excludes paperboard mills, 
which use up to 90 per cent waste-paper stock and relatively small per- 
centages of virgin wood pulp. Many such mills are fundamentally de- 
signed for mass production of a single grade or a small group of grades. 
Because of their size, mills in some other classifications approach mass 
production also. 
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The self-contained paper mill. The self-contained or so-called in- 
tegrated mill is essentially a mass production unit, which converts from 
relatively few kinds of wood pulp, produced in its own jmlp mill, a few 
kinds of paper in large quantities. In such mills pulp is handled in 
slush form, processes are continuous, and orders are selected to permit 
long periods of operation without interruption. IMiether a self-contained 
unit is a mass producer or not depends, however, upon a number of fac- 
tors, among which the size and speed of machines, kind and quantity of 
its wood pulp, and the economic conditions under which the mill is 
operated are important. 

Most modem self-contained units are designed for mass production. 
Their capacities are large and their integration is fairly complete. Most 
mills which were **modem^^ in 1900 or in 1920 approached mass produc- 
tion at the time of construction, but few of them can be considered in that 
class now. J^Iany such mills have shifted their production through many 
grade changes in search of a combination of grades wdiich will jdeld a 
higher realization. The sliifls w^ere away from tlie competition of the 
newer mills in their classification. They became specialty mills or they 
may have discontinued pulp manufacture, becoming converting mills; 
they almost invariably use wood pulps of different kinds from what they 
produce. They tend to approach b}’' different routes the character of the 
production of the converting mill which uses wood pulp exclusively. 

The combined paper mill and converting plant. Integration extends 
bejmnd the coordination of pulp and paper manufacture to the paper 
mill, which converts its paper into paper products such as towels, boxes, 
and cups in competition writh independent converters. Such operations 
are usually spoken of as combined operations. 

In such an operation the paper mill may be a self-contained or a con- 
verting type. Its product-manufacturing department, usually adjacent 
to or a part of the paper mill itself, receives paper from the mill and con- 
verts it into any one or gi'oup of the thousands of products manufactured 
from paper. 

This integration of primary and secondary manufacture possesses va- 
rious advantages, provided markets can be serviced quickly and ef- 
ficiently. Thus most combined operations are close to large consuming 
markets. But on the other hand, paper products such as paper bags, 
wiiich can be shipped nearly as easily and cheaply as ‘the paper from 
which they are made, are frequent combinations in mills far removed 
from the larger markets. 

The typical conversion plant is small, and its distribution is restricted 
to tlie local market. There are, how’ever, many relatively large plants 
which sell certain products, if not all, over wide areas. Such products 
would naturally be those that can be conveniently and cheaply’' shipped- 
Products like boxes, cans, and containers, w^hich are bulky and not 
adapted to long-distance shipping, are distributed locally. 

The urge for the paper mill to enter the conversion field is primarily 
to stabilize machine operation and to assxire permanent outlets. More- 
over, if the mill is properly located, it can avoid much of the cost of 
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fchipping and handling paper ivhich the independent must pay. Fre- 
quently, the paper mill attempts to stabilize cno\igh of its production 
llirough conversion to assure a backlog of machizic hours. Then the 
balance of its production can be varied to meet the vagaries of the mar- 
ket. Theoretically, at least, such a coini)ination pennits a mill to escape 
the full cfTect of sliort-running schedules. 

Characteristics of Production 

Integration and the economic consequences Avliich flow from it are 
inextricably related to certain unique characteristic uses of productive 
facilities and to conditions governing such uses. 

Some of the.se characleristics relate to the paper machine itself 
Others arc concerned with invosiinents, rates of turnover, and overhead 
costs. Tlic nature of expansion waves and their efiects upon the stabil- 
ity of the industry are also involved. 

Machine shifting. The paper industry is composed of a wide assort- 
ment of paper machines of diflercnt capacities, ages, and efficiencies. A 
survey made by the Azncrican Paper and Pulp Association in 1935 re- 
vealed that 477 Fourdrinicr paper machines, representing 23 per cent of 
the capacity then in operation, were installed prior to 1900 and that 
1,137 of a total of 1,394 Fourdrinicr machines, representing Co per cent of 
tlic capacity, dated from before 1920. It was brouglit out in tliis surt^cy, 
as nulicatcd in Figure 5, which shows by periods of installation the 
average widths, speeds, and capacities of these machines, that five ma- 
chines installed prior to 1860 were still in operation. 

Tlicsc data suggest something more than obstinate persistency on the 
part of the owners of paper machines. They suggest among other things 
that in a product of such diverse use and distribution as paper, spe- 
cialized mannfacturc as well as mass production has a place. They sug- 
gest also that the paper machine is subject to cvolutionaiy processes in 
the course of whicli it may be able to maintain for long periods a per- 
manent, if somewhat tenuous, position in the competitive structure of 
the industry. 

Tlicse old machines as well as those installed later must compete in the 
national competition, for none of them manufacture grades which are 
distributed locally or arc controlled by patents or other convention. 
The original costs of all of the older machines had, of course, been writ- 
ten off, resulting in relatively low overhead costs, an important operat- 
ing advantage. But their chief advantage lay in the fact that they 
were able to sluft to specialties, to divisions of the market which other 
mills could not service, and to higher grades, and in doing so to realize a 
return siifficicnt to justify continued operation. Because of their shift- 
ing, they constituted a floating element in the industry, moving from 
grade to grade in search of more profitable products. 

Most of the machines installed between 1900 and 1920, averaging 
much larger capacities, were also at some stage in the shifting process 
Many were considered mass production units at the time of their instal- 
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lation; ninny were especially designed for the production of newsprint 
and wrapping papers. But as coinpclition from modern equipment be- 
came more and more intense, the)’' were forced to new grades, usually of 
liighcr qualities demanding more specialized proce««ing. Much shifting 
could not be undertalccn until some new processing equipment liad been 



Fig. 5. Average wire width, higli speed, capacil 3 % and number of machines in- 
stalled, by five-year periods, 1S60~1935, All machines in operation in 1935. Source: 
American Paper and Pulp Association Sun-ey. 


The classical example of machine shifting is in newsprint manufacture. 
In 1913 the tariff was removed from newsprint paper and a vast expan- 
sion of production facilities began in Canada. There new, modem 
equipment operating in close proximit}" to pulp wood supplies and power 
sources resulted in lower operating costs, wliich eventually, particularly 
after 1926, when the expansion exceeded requirements, led to sharp reduc- 
tions in prices. Then, many American producers, not so w’ell situated, 
were forced to shift to other grades. 

This story is told graphically in Figure 6, which shows what happened 
to the domestic newsprint industry as a result of Canadian competition. 
The data cover all mills tliat were making new'sprint in 1910 and those 
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which subsequentlj'' were built in the United States for newsprint pro- 
duction, most of which were located in the Pacific Coast States. 

Similar, but less spectacular shifts have taken place in other branches 
of the industry. In each case the entrance of new sources of supply has 
forced the weaker mills into a shifting program. The extent to which 
this exists in the industry is shown in the case of Fourdrinicr paper 
machines in Figure 7, in which the percentage of capacity of paper ma- 
chines used exclusively for the manufacture of one grade of paper is com- 
pared with the percentage which is used for more than one grade. The 
machines represented by the split capacity are actually in the process of 
shifting. 

CAPACITY AND PRODUCTION OF NEWSPRINT AND OTHER GRADES 
IN 56 NEWSPRINT MILLS, 1910-1937 
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Fig. 6 Shifting m newsprint manufacture: capacity, production of newsprint and 
of other grades, and idle capacity, 1910-1937. Source: American Paper and Pulp 
Association Survey. 

This more or less peculiar phenomenon had resulted in a characteristic 
form of growth in the industry. On the paper side, as distinct from 
paperboard, growth is from the newsprint or the kraft paper base, two 
products which are particularly adapted to mass production. The ex- 
pansion in Canada in the 20^s and the expansion of the kraft paper in- 
dustry in the South during the 30*s, forced weaker competitors to shift 
production and by doing so they have helped to meet increased consump- 
tion requirements in other grades. 

In the past two decades but few new mills have been established to 
produce grades ranking in quality above newsprint or kraft paper. Of 
course, during this time many established producers in the higher grades 
expanded their capacity by machine improvement and by the installa- 
tion of new machines. 

Capital requirements and slow rate of turnover. The construction 
of a new pulp and paper mill is costly. A modern self*contained unit of 
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100 tons per day capacity viiW cost from $2,500,000 to $4,000,000, de- 
pendent upon the processes used and the t>T)c of production. Larger 
units cost proportionately more. 

The investment per employee and per dollar of sales in the pulp and 
paper induslr}^ ranks among the highest in American industry. In a 
self-contained unit, investment ranges up to $20,000 per employee, aver- 
aging approximately $17,500. In the converting mill, the investment 
averages approximately $12,000 per employee. 

The total value of the primary products produced by the indusby as 
a whole has not in any year equalled the invested capital. The rate of 
turnover, in the case of self-contained mills, is approximately once in 
18 months and in converting mills once in 12 months. 
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Fig, 7. Fourdriiuer paper machines used for the production of one grade and oi 
more than one grade, in percentages of capacity. The machines used for more tn^n 
one grade are in the process of shifting. Source: American Paper and Pulp Associa- 
tion Sur^'ey. 


The significance of these data lies in overhead costs and their effec 
upon production policies. The overhead costs in the industry' are so 
hea’ty that the 3 " make volume of production a prime necessiy ; the}’' force 
price concessions for the sake of volume whenever volume falls belo^v 
an exceptional!}' high normal production ratio. 

There is a significant difference in overhead costs between tlie sen- 
contained and the converting sections of the indust^}^ This is refleete 
in different production and price policies. Generally, the converting 
mill is more interested in sales to retailers, for instance, than it 
long-time contracts with consumers and users. The self-contained man- 
ufacturer wiiLsacrifice price on at least a part of his production for tlic 
greater stability in volume assured through contracts. 
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High break-even point. Because of the urge in the industry for high 
production rate and because of the general willingness to make price con- 
cessions for volume, the normal break-even point is high and the mar- 
gin of profit averages is lower than in most other industries. This fact is 
illustrated in Figure 8, which shows, for the period from 1927 to 1939, 
the operating profit on an index basis of a selected group of mills whose 
capital investment exceeded $400,000,000 in comparison with the aver- 
age price oT paper, on the one hand, and with the capacity and produc- 
tion volume of tlie industry on the other. 

The sharp decline in prices as sales volume dropped during the de- 
pression and the hesitancy to raise prices as volume picked up slowly 
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Fig S Operating profits of 55 companies compaied with capacity and production 
of the whole industry" and average value of paper produced, 1927-1939 Sources* 
Department of Commeico and American Paper and Pulp Association. 

following the depression are reflected in the operating profit trend. 
These data indicate, particularly in the records from 1936 to 1939, the 
importance of volume from the point of view of profit. Yet volume 
standing at 134 over a 1927 basis did not offset fully the contraction in 
price amounting to 25 per cent as compared with that of 1927. In view 
of the relatively low operating profits in the industrj^, this fact indicates 
that price concessions to attract volume have been carried too far. 
There is also more than a suggestion that the addition of mass produc- 
tion units in recent j'cars has produced an inflexibility which has had 
much to do with the high break-even point. 
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Expansion waves. The conditions just described have had the effect 
of sthnulnting paper consumption through price decreases. As price.? 
have moved downward, paper lias become a more acceptable substitute 
for other materials in many products. Coincidentally, manufacturers 
have been forced to develoji new uses which have accounted for impor- 
t.nnt increases in consumption. 

At the same time, these processes have reduced the normal margin of 
reserve capacity to a point where paper consumption, when -stimulated 
by imjirovcincnt in general business and by speculative purchases, ap- 
proaches and sometimes exceeds productive capacity. When produc- 
tion volume exceeds S.*) per cent of capacity, prices invariably begin to 
move upward. If the period of high consumption is prolonged, profits 
accrue rapidly and capital begins to flow into the industry. Under such 
circumstances, expansion waves arc created. 

These waves occur in the mass production grades, for during such pe- 
riods producers of other grades shift to higher tj^pcs of manufacture for 
the sake of the better profits and in hopes that they can make the shife 
pennanent. There is, during such periods, an actual reduction in capaci- 
ties in the mass production grade.s. 

In spite of such reductions, the addition of one modem unit, or at most 
two, would usually suffice. Expansion is not so closely curbed, however, 
for each major producer feels that it is vital to his future program to 
maintain his relative productive position in his branch of the industr}'. 
Under such circumstances cx*pansion soon becomes ovcr-cx-tension— so 
much so that t!ie normal increases in consumption for many years ahead 
arc taken care of. 

The inevitable results, invariably stimulated by a subsequent down- 
ward movement in general business, arc sharp declines in prices, restric- 
tion of consumers’ inventories and the accumulation of idle capacity. 
Such cycles -have occurred time and time again in the industr>', most 
recently as a result of expansion in Canadian newsprint, in southern 
kraft paper and board, and to a lessor degree in pulp in -the western 
states. In every case the effect is transmitted to all grades in the in- 
dustry, chiefly by machine shifting. 

The possibilities of over-all expansion in pulp and paper manufacture 
in the United States, however, are practically unlimited. There is ad®' 
quate pulpw^ood for all tj’^pes of manufacture except mechanical and sul- 
phite pulps in the older producing regions. There are no patent controls 
or other convention which would limit expansion. The only limiting 
element is the flow of capital, and this when it starts is apt to become a 
flood. 


The Influence of International Trade Conditions 

It has been pointed out that the United States normally depends to a 
large degree upon the importation of pulpwood, wood pulp and newsprm 
paper, all of which enter the United States duty free. These dependen- 
cies began because of the lack in the United States of ample suppA®® ° 
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spruce pulpwood suitable for the production of newsprint paper and 
sulphite pulp. They were amplified later by the importation of sulphate 
pulp, principally from Sweden and Finland, to meet the growing demands 
of consuming mills. 

The over-all dependency upon outside sources is illustrated in Figure 
9, in which the importations of pulpwood, wood pulp, and paper, prin- 
cipally newsprint, all expressed in terms of the pulpwood required in 
their manufacture, are compared with the apparent consumption of all 
paper in the United States, also expressed in terms of the pulpwood 
required in its manufacture. It is apparent that the period of the most 
rapid growth of dependency occurred during the 1920’s. After southern 



Fig. 9 Domestic pulpwood consumption, domestic consumption of all paper, and 
imports of wood pulp, paper, and pulpwood, all expressed in teims of the pulpwood 
required in their manufacture, 1899-1940. Computed from Department of Commerce 
data. 

and western production had reached its present commanding position, 
and prior to the Second World War, the balance had shifted to domestic 
sources of supply. The quantity of imports, however, remained high. 

Imports, particularly of wood pulp from overseas, are subject to condi- 
tions which frequently do not otherwise affect domestic manufacture, and 
which affect Canadian manufacture only to a slight degree. Overseas 
imports of wood pulp have in the past decade been affected by deprecia- 
tion of currencies, by cartel programs and now by the Second World 
War, In each instance, violent repercussions occurred in the domestic 
industry. With the exception of a short period in 1937 when a world 
shortage of wood pulp threatened, and since the invasion of Norway, 
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which actually precipitated a world shortage, the repercussions have been 
in the nature of low prices. 

For long periods imported wood pulp has sold in the United States be- 
low the cost of domestic production. The direct result is unprofitable 
operation of domestic facilities, which, of course, discourages expansion. 

The recent prolonged periods of low wood pulp prices also seriously 
disturbed balances in paper manufacture, for the converting mills were 
able to purchase wood pulp at prices which were gubstantially below the 



Fjg. 10. Pnee trends of foreign bleached sulphite and Swedish kraft wood pu P 
delivered Atlantic ports and spruce and southern pine pulpwood f.ob. domesti^ 
mills Sources; Pulpwood prices. Department of Commerce; Wood pulp priceSi 
Daily Mill Stock Reporter. 


manufacturing costs of their self-contained competitors. In 1937 and 
at the present time the advantage has swung in the opposite direction. 

The disturbance of balances occasioned by the impact of foreign trade 
conditions is illustrated in Figure 10, in which the average prices of fof' 
eign sulphite and sulphate pulps delivered in the United States are com- 
pared with the average f.o.b. mill price of the principal kinds of pU‘P' 
wood used in producing the same pulps in the United States. Pulpwoo 
constitutes tlie largest item in the cost of pulp manufacture; the pn® 





THE PULP AND PAPER iNDUSTRy 


153 


trends are used in this instance as an index of over-all costs of pulp 
manufacture in tlie absence of more complete data. 

The difference in the movements of these trends is striking. Pulp 
prices, subject as timy are to conditions of international trade, tend to 
fluctuate violently and ^Yithout particular regard to the cost of domestic 
manufacture as represented by pulpwood costs. The latter, on the other 
hand, follow slov^’-moving cycles which have made only one complete 
turn since the beginning of pulpwood use in the early 80's. Under such 
circumstances advantages arc bound to shift, and in doing so contribute 
adversely to price movements in cillier direction. 

Consumption of Pulp and Paper 

Consumption of pulp and paper constitutes a remarkable record. 
From the first census to the present, with the exception of depression 
periods, it has increased steadily. Since the depression of the 30^s, 
paper consumption has broken existing records four times. 

Wood p'Q\p consMTHpliioTi. The consumption o? wood pulp is chiefly 
contingent upon the consumption of paper, and when increases occur in 
the latter, they arc reflected in the use of wood pulp. 

The over-all trends of pulp consumption and of supplies for consump- 
tion are shown in Figure 11, in comparison ^Yith the trend of paper ])ro- 
duction. It is apparent that the major part of the pulp consumed in the 
United States is domestically produced, but most of it is manufactured 
by paper producers, who convert it into paper in the same or an associ- 
ated paper mill. 

The consumption of wood pulp by mills which must depend either 
wholly or partially upon purchases has increased over the years but not 
in the same proportion as that consumed by self-contained producers. 
The reason lies in the fact that the latter section of industry has cx-'' 
panded in recent years, principally in the South, at a much more rapid 
rate than has the converting mill group. 

In normal years approximately 2,500,000 tons of wood pulp are re- 
quired by purchasing mills. Seventy per cent is normally obtained from 
foreign sources; the balance is supplied by domestic mills, tlie majorit)'- 
of which are located upon the Pacific Coast. 

It is interesting to note the increasing spread between the trends of 
wood pulp consumption and of paper production. It is caused by the 
constantly greater use of secondary materials, mostly waste paper for 
paperboard manufacture. 

An increasing amount of refined chemical pulps, chieflj’’ sulphite wood 
pulp, is being used in commodities other than paper. Consumption for 
rayon, plastics, and chemicals is mounting each year. In many uses 
wood pulp is proving not only superior, but also substantially less expen- 
sive. It is a form of consumption which is likely to continue to grow. 

Paper consumption. The trends of paper consumption, illustrated in 
bread grade groups in Figure 12, indicate that the cultural uses, repre- 
sented by writing and book papers and newsprint, have not in recent 
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years kept pace with the mechanical papers, those used for physical pur- 
poses. It is probable that the cultural papers are being alTcctcd by the 
competition of radio advertising, for much of the paper used in news and 
periodical publications is based upon advertising. Whether or not shifts 



back to printed advertising will occur in the future is questionable. 
Many consider that the use of printing papers is approaching a satura- 
tion point. Writing paper, however, shows evidence of continued 
crease in use. Consumption trends correlate closely wth business ano 
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indiiptrinl activity, and it is likely that writing paper will continue to 
follow these trends. 

In the mechanical field the rales of increase arc striking, particularly 
in paperboards and wrapping paper which dominate the shipping-con- 
tainer field. The availability of these papers has made possible the 
packaging of foods, which has contributed substantially to ficedom from 
contamination. They have been adapted to the shipping field where, 
through modern packaging design, thej' have proved to ho cheaper not 
only in original cost but also in freight charge.^ on the container itself. 
Paper, when properly used, has also proved more effective protection 
than other materials. 



1300 1003 1010 1015 1020 IOCS 1030 1935 1940 


Fig. 12, Pnpor consumption in the United States by major grades, 1S09-1910. 
Source: Department of Commerce. 


Paperboard is making rapid inroads into the field of liquid, containers. 
The paper milk bottle, after overcoming initial marketing prejudices, is 
being used more and more. As containers for other liquid and wet foods, 
progress is being made daily. 

Among the miscellaneous papers the use of tissue for sanitary and 
toilet purposes illustrates again the service of paper in sanitary fields. 
Felts and sheathing and roofing papers, which are dependent upon con- 
struction, and particularly building repairs, are being used in greater 
quantities. 

With the exception of newsprint, practically all paper consumed in 
the United States is domestically manufactured. Exports and imports 
normally balance in quantity, although in each grade group the specific 
grades may be entirely different. In general, United States exports are 
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normally heavy in specialties, and the imports tend to be heavy in the 
higher grades of the respective grade groups. During war periods, of 
course, the normal trends of foreign trade are distorted. Because imports 
of grades except newsprint come mostly from Europe, they are subject to 
war conditions. These same conditions interfere with other European 
trade ; consequently the world import market turns to the United States. 
During wars American exports increase many fold. The shifts ,are not 
permanent, however, because the United States cannot compete exten- 
sively in world markets. 

The over-all trends of paper consumption, production, exports, and 
imports since the beginning of the century are shown in Figure 13. For 
comparative purposes the capacity of operating mills is also shovm. 



Fig 13. Paper-making capacity and paper consumption, production, imports, and 
exports, 1899-1940 Source: Department of Commerce. 


Paper Prices 

One of the chief reasons for the increasing consumption of paper hes 
in the fact .that year after year the real price of paper has been moving 
downward. This downward movement is due fundamentally to econ- 
omies in production and distribution in spite of increasing wage rates 
The economies are caused not only by natural improvements resulting 
from research and the development of technical control, but also by the 
conditions of competition described previously, which have forced con- 
centration upon cost reduction. 

The trend of paper prices in recent years as shoum by the Bureau of 
the Census for major grades, is given in Figure 14. The dovmward move- 
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ments are plainly evident. They are related to the peculiar conditions 
of the industry and of operations discussed earlier. 

Price comparisons by specific grades are hardly possible because of fre- 
quent changes in specifications, particularly in the improvements of 
qualities, and because of shifts from higher to lower qualities on the part 
of consumers as the specifications of the lower-quality papers are im- 
proved. The price trends shown in Figure 14 are in effect weighted aver- 
ages for broad uses of paper. As such, they take into account shifts of 
volume from high to lower qualities within the grade group. 


Effect of the Second World War upon the Industry 

The paper and pulp industry was among the first major American in- 
dustries to be directly affected by the Second World War. The first ef- 



Fig» 14. Trend of average values per ton of major paper grade groups, 1899-1940, 
Computed from reported production and value of production of all manufacturers 
covered by the census. 


feet was in increased cost of delivery of overseas pulp. Later, when 
Norway was invaded, the industry was unbalanced by the complete 
stoppage of overseas imports. Most contracts for overseas pulp which 
were in effect at the beginning of the War provided that any increased 
costs of manufacture or delivery caused by war would be paid by the 
purchaser. Submarine warfare was part of the initial action and neutral 
as well as belligerent shipping was sunk in increasing tonnages. First in- 
surance rates increased, then cargo rates began to mount, and, in all, the 
additional shipping charges just prior to the invasion of Norway had in- 
creased at least fourfold. 
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The price of ^ood pulp in the American market when war was declared 
was relatively low. Domestic manufacturers increased their prices at 
the beginning of 1940 and again for tlie third quarter of 1940. The in- 
creases were substantial. In conference with the Price Stabilization 
Dhision of the Isational Defense Advisor}’ Commission, it was concluded 
that the prices existing in July 1940 were necessary to stimulate produc- 
tion which would offset the loss of imports from overseas, although high 
for efScient producers operating at full capacity. !N'o further changes in 
contract prices have been made since that time (July 1941). IMean- 
while, production both in the domestic industiy^' and in Canada, and 
particularly for sale to pulp-purchasing mills, has increased to a point 
which over-all nearly compensates for the loss of overseas imports. 

The national defense program, which involves the shipment of much 
material that would normally be packed in paper and paperboard, has 
thrown hea^y demands upon the industr}’. The impact of this program 
upon all business has increased cmlian requirements for paper. In 
1941, it is estimated that the national requirements for paper will exceed 
,the record-breaking level of 1940 by at least 2,000,000 tons. To supply 
these requirements and the export trade, which has increased threefold, 
will tax the ability of the industiy’', handicapped as it is by the absence 
of overseas pulp supplies. 


Conclusion 

The paper and pulp industry is destined to remain a ranking major 
industry in the United States. It will continue to depend, as it has in 
the past, upon domestic consumption. Under normal circumstances it 
cannot hope to compete in world markets. It is probable that the use of 
cultural paper vnM not change substantially in per capita consumption, 
but the use of paper for other purposes is boxmd to expand as new uses 
are developed and substitution increases. 

Tlie use of pulp in products other than paper is undoubtedly in its 
initial stages of development. It is probable that as improvements are 
made and specifications are standardized, this use will increase substan- 
tialty. 

As an employer of labor and of capital there seems to be no obstacle 
to further development. In the future, as in tlie past, the greater demand 
for paper, which will require an ever-increasing production, will call for 
a larger number of man-hours of labor in spite of improved efficiencies. 
Gradually, also, as efficiencies increase, many of the older mills must be 
replaced. These replacements will necessitate substantial new capital 
investments. 



The Book Publishing Industry 


Early History of Publishing in the United States 

Early days (1638-1801). Publishing in America is nearly §00 years 
old. The first book issued here was really a pamphlet, Piercers Almanac, 
which came from the press established by Stephen Day at Harvard Col- 
lege in 1638 or 1639. In 1640 The Whole Books of Psalines was pub- 
lished. For the remainder of the century, Cambridge continued to sup- 
*ply the colonists with laws, sermons, and almanacs. Other presses were 
founded from 1660 on. 

William Bradford published his first book in Philadelphia in 1686. 
He later removed to Manhattan, where he was the sole printer for a 
number of years. Benjamin Franklin, after an adventurous beginning in 
Boston, established his print shop in Philadelphia in 1728. The great 
political debates which swept the colonies in the third quarter of the 
eighteenth century gave a new impulse to reading, and the heyday of 
pamphlet publishing was brought about by the controversial spirit of the 
years just before the Revolution. 

In the early days, booksellers were usually printers and publishers 
also, but their major stock consisted of books from England. By 1724, 
Boston dealers were sufficiently trade-conscious to make their first ven- 
ture in cooperative action, by holding a convention to boost prices. Pi- 
rated editions of English books were common here, but it was difficult at 
first for colonial printers to meet the prices of imported books. 

A Philadelphian, Matthew Carey, founded the American Company of 
Booksellers in 1801, with members in the 3 printing centers, New York 
Philadelphia, and Boston. 

Early authors. In 1820, about 70 per cent of all the books published 
for American readers were of foreign origin, but the proportion gradually 
declined until, by the middle of the century, 80 per cent were by Ameri- 
can authors. English writers have been popular in America dovm 
through the centuries, however, and the enthusiasm of book buyers here 
has brought many a British author a fortune. But this stream of riches 
did not begin to cross the Atlantic until 1891, when our first copyright 
law was passed, protecting the foreign author. Before that time, some 
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of the niorc pcrupuUnis Ajoenean pahl roynllU"' on EnplWi 

books, hnt many of Uicm bad no con‘'cU’!iL'c in tin* matter. The period 
following the Civil War puriiculurly notable for piratinp. 

In revicwitig Pcybcil’s Arum!': oj Ihr SUit(<', Sydttcy Smith 

coined n jrhra^'e wlio-e erbo lias only K-eently dierl demn enmpletcly: “In 
tiic four qnarfer.s of the plobe, nlio rearK nn .^nierierin book?” Many 
of our early bonk« were <hdl lepal, medical, oi rcliuioti'' tre.ati~c«, hut 
later eame the uolden ape of American lileratnic, ulrcn Hawthorne, 
Irving, I’oo, Emer'-nn, llolniC':, and other great na!nc>: wrre honored 
abroad a^ well U" at home. 

Early methods of distribution. The itinerant bnok agent early ht- 
eame a competitor of the city bookseller. Lonr'ly farm and village 
reader.^ thus hurl si cbance to jnireha-e the IHbii' or PUririrn’i’ /h-ogressor 
I’ar.'on Weems' fritnoiH IJfi of 0'cor{j^ Wa'hiurjton^ nnd later to buy sub* 
fciiption .*=et« for the parlor bookca>-e. 

Important early publishing houses. New York gradually bccninc 
the jHiblbbiiig cenlrr, Ihongli Bo?ton ami riiihadciidiin b.ave rienr icbn- 
tpii=bcd their literary traditions and are still the homes of pub- 

lEhing firms. 

It is interesting to note tire date- wlien a number of lioiises .‘"till pub- 
lishing books today ^\erc founded: Methodist Hook Conccni, I7S9; J. B. 
Lippincotl Company, 1792*. John Wiley A Sons, Inc., 1807; Harper A* 
Brothers. 1817: D. Applcton-Ccntmy Companv, Inc., 1825; Baker & 
Taylor (now jobliers), 1830; G. l\ Putnnm'.s Sons IKIG; Little, Broun 
& Company, 1837 (with bookstore hccinning-< in 17S‘l); Podd. Mend 
Company, Inc., 1837; Charle? ScrihnerV .Sons (founded as Baker 
Scribner), 1816*, D. Van 'Nostrand Company. Inc.. 1819; Houghton Mif- 
flin Comirany, 1849; E. P. Dutton A Company, irre.. 1852. 

• There were soino enormous sales in the period before the Civil Bar. 
From n scries of articles in the Dosloti Pont in 1860, wo learn that 
McGuffcy's scries of school readers, begun in 1836, .sold between 80,000,- 
000 and 90,000,000 copies; Webster’s spelling books 30,000,000; Wash- 
ington Ii-idng’s many volumes, 800,000; Vnclc Tom's Cabin, 310,(100. 
But trade practices were not clearly defined, and a general opportunism 
made the book busine.ss unprofitable on the whole. 

Early attempts to establish trade reform. Numerous attempts at 
trade reform were made. Tlie New York Publrslicrs’ Association func- 
tioned from 1855 to 18G1. The practice of selling books below list price 
was followed to a disastrous degree during this period. The BooK- 
scllers Protective Association, of Cincinnati, formed in 1873, became uie 
American Book Trade Union, and both publisher and bookseller mem- 
bers rallied round the slogan “Underselling is the ciying evil of the book 
trade.” Public opinion, however, was against price agreements Some 
iconoclasts continued to cut prices, and the Union ended 3 ye.ars later- 

Thc first trade organ, American Publishers’ Circular and Lffewry 
Gazette, was established in 1856 and was succeeded in 1872 by Ttc 
Publishers’ Weekly. 

Semiannual auction sales increased the public’.s appetite for book bar- 
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gains during these years, and destroyed confidence in original list prices. 
These sales ^vcre held regularly up to 1890. The competition of the 
subscription-set agent increased, and a flood of cheap foreign reprints 
lessened sales of American books. 

In 1900, the American Publishers’ Association organized. Its 
members agreed not to sell to retailers who sold books below the net 
price, but this effort to control tlie price situation ended in a suit won 
by a New York department store, with heavy fines meted out to the 
group of publishers involved for conspiring in restraint of trade. The 
Association was dissolved, and when the National Association of Book 
Publishers was founded in 1920, it included in its constitution the 
determination '^to make no attempt to fix or maintain prices.” 

The American Booksellers’ Association was formed in 1901. Among 
its chief aims have been the maintenance of list prices, bookselling edu- 
cation, and improvement of trade practices. The Authors’ League was 
organized in 1912 and has assumed a powerful position in the industry. 

The National Association of Book Publishers was superseded on Janu- 
ary 1, 1938, by the Book Publishers’ Bureau, The scope of the work of 
this Bureau lias been restricted to certain definite specified services to 
book publishers, the major function still being the compilation of 
credit and financial reports on booksellers for the information and guid- 
ance of its members. This Bureau is the only official organization of 
the “trade book” publishers. 

Publishing Today 

Publishing has numerous ramifications and covers enterprises of varied 
purposes and magnitude. Publishing houses numbering 247 and issuing 
5 or more books during 1939 were listed in The Publishers^ Weekly, 
January 20, 1940, with a total output of 7,993 new books and new edi- 
tions for the year (other publications brought the grand total for the 3’’ear 
to 10,640 titles) . Among these were large firms with lists of from 200 to 
600 titles issued in a year; smaller, more specialized houses whose out- 
put covered from 50 to 100 new books; university presses; publishers of 
textbooks, or medical or law boolcs, or technical books exclusively; firms 
issuing children’s books only; regional publishers producing literature 
about a special section of the country; publishers of subscription sets; 
fine presses dedicated to beautiful editions for the libraries of collectors. 

All these clases of publishers have developed special techniques for 
securing and marketing their product, but if we describe the business of 
the so-called general publisher issuing fiction and nonfiction for sale 
through the retail bookstores, we shall touch upon the major points of 
interest to that nebulous person, the “average reader.” 

Choosing the books. The selection of manuscripts is the first step in 
the long process of connecting writer and reader. Amateur authors pour 
an apparently inexhaustible stream of manuscripts into publishers’ edi- 
torial sanctums. And, contrary to disgruntled ’ opinion among some 
writers, every one of these bulky typescripts is considered. A reader 
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goes through them rapidly and expertly, searching for the rare plum 
which makes the expense of handling this unsolicited flood of manu- 
scripts worth while. Publishers' estimates vary, but the percentage of 
acceptances is undoubtedly low; some say 2 per cent, others 10. They 
continue, liowever, to give careful attention to these unsought offerings 
from authors, because of the gambling chance that a book with 
originalit 3 ^ and vital appeal may be found among them. 

The majority of the publications on the general publisher's list are 
the result of solicitation, and reflect the acumen and special flair of the 
individual house. The publisher's task has been likened to that of the 
managing editor of a newspaper. There is the same need for constant 
feeling of the public pulse, for sensing the kaleidoscopic shifting of pub- 
lic interest. But the publisher must have a longer view than the editor. 
He has to determine this spring whether a book planned for publication a 
year or a year and a half hence will find the public ready for it. He 
must foresee changes in taste long before they have crystallized. 

Often the publisher has an idea for a book and selects an author to 
write it for him. Frequently he secures new writers through established 
authors already on his list. Literary agents, knowing his needs, offer 
selected manuscripts of a type likely to find a place on his list. He 
makes a trip to England, or sends a representative abroad to contract 
with British and continental publishers for the American rights on books 
which in his judgment will be successful here. 

Fashions, current events, scientific discoveries, changes in education 
— all affect publishing directly. Books of literary distinction still have 
a central place on many publishers' lists, but a well-rounded and there- 
fore profi-table list must contain books of varied content to keep up with 
the veering winds of public interest — a certain number of novels, a group 
of biographies, books of historical, scientific, or economic interests, a 
little poet^ 3 ^ Most houses keep a fairly regular proportion among the 
different classes, so that each season's list will be well balanced. 

Several readings are usually given a book before it is finally accepted. 
If it is on a special subject, the judgment of an outside expert is often 
sought. The traditions of the individual house, as well as current book- 
buying demand, affect the manuscript's fate. 

There are a multitude of stories in the industry of one firm or several 
firms rejecting a book which later, on another publisher's list, climbed 
into the best-selling ranks. The publisher faces higher hazards than 
almost any other businessman; but his intangible rewards, when he 
makes a real discovery, are extremely gratifying, and monetary returns 
frequently follow. 


Making the Books 

Number of copies. After the contract with the author is signed, a 
most intricate problem faces the publisher: the decision on the number 
of copies to be printed. If a large quantity may safely be issued, th^ 
manufacturing cost naturally is reduced considerably, but there is the 
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diflieuH Ui*^k of nredicHnu jiwt how umny roj)ic‘' the public will ah«'Orh. 
Since he wnrki? on a narrow jnarpn, (he publWrcr diue*- not dare to print 
too many copies and have them left in hi*- ^arehou^o. If the book i- by 
an author of CNtabH''hc(i reputation, of hi^* ptevioti^ bo<ik'‘, and the 
advance order." ^‘ecured front bnok'-eller' for the new title, helj) liirn to 
decide on (lie (juantity for the fir^t printiiig; hnt if the Imok i-- i»y a nevr 
author or on a .subject jti"t emorainc!: into tin' liineliuht, there i" more 
uncertainty and the initial printing!: order muvt he cnn^ervativ» , despite 
the temptation to "have by j)nntii^r n number 

Determining price. The determination of (In* h-t piice of book 5*- 
antdfier irnpi^rtrmt factor. T'he ei:‘-tO!naty ]niee- fur novoK are now $2 
and $2o0. and for nonfiction ?d. $'1.70 $h ur $.3, uith IndKr 

prie# " for hook*' of e\c('j)tiona! lenctli or ’.Mth (u-tly iliii^tration*- There 
n '*rii:ht jiriee'’ fur a Ijook, one et vhhh it ni^jHar*^ Ut book^elltr and 
rn-tonn^r to be a fair valtna emd lim pnhbdiei "uker" if hi ehatirc*'' more 
than traffic wiW brai.'* Stdl he xon^i m»ti \\> eo"t- 
Ticnrc" vary from puhii^hei to puhh-i»er jnul pi nnd to penud. hut the 
future- in Table I uive a unlch idea uf piudmaiun and di-trif>utiua o)**t* 
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Design and make-up. The design of the format of the book is 
entrusted to the inanuf.acturing department of the publishing house, and 
negotiations with paper manufacturers, printers, engravers, cloth-makers, 
and binders arc handled by this department. 

A layman, picking up a volume from a bookshop table, rarely visual- 
izes the amount of art and thought and precision in the making which 
the book represents. If its typography and general proportions are 
pleasing, the dcs^igncr who received the manuscript from the editorial 
department must have planned it, not only with the centuries-old tradi- 
tions of good bookmaking in mind, but with a feeling for what was fitting 
and appropriate for this particular book, giving it a form that would 
subtly convey the quality of the book itself. Many books are workaday 
production jobs handled in routine style, but more and more publishers 
are recognizing the importance of better make-up and design. The 
American Institute of Graphic Arts, through its annual selections of the 
“Fifty Best Books,” and traveling exhibits, has done much to improve 
typographic standards in recent years. 

The problem of size. 27ovels are usually 12mo size, approximately 
51,4 inches by T'K inches; nonfiction, biographies, books of travel, and 
so forth, 8vo, 6 inches by 9 inches. There is an unfortunate tendency 
on the part of the average book buyer to think he is cheated if he does 
not get a bulky book, although the less bulky papers give a better print- 
ing surface and have greater durability. As the public in recent years 
has become more conscious of beauty in the format of books, publishers 
have tended to make thinner books. This is in line, too, wdth the need 
for economy in shelf space in modem city apartments. 

Selection of psfper and cuts. The kind of paper used in a book depends 
largely upon its contents and length. If the book contains no line cuts 
or half tones, and is not excessively long, an antique or kid-finish paper 
is suitable. If line drawings appear, a machine-finish or English-finish 
paper gives better results, because it is smoother. Half tones may also 
be printed on English-finish paper, although they show up much more 
clearly on a supercalendercd or coated stock. A hard, smooth-surfaced 
paper is of course desirable when a large number of pages makes it neces- 
sary' to keep bulk at a minimum. The offset process is successfully used 
in color printing in books today and, most notably in the children’s boot' 
field, has produced some excellent volumes, with a great deal of softness 
and rich tonal values. 

Determining type and layout. The selection of the type face to be 
used in the text, the size of the tyT)e, the type area of the page, and the 
designing of a harmonious title page must be made simultaneously u it 
decisions as to illustrations, if any (many modern books are unillus- 
trated) . The designer’s ingenuity in handling specifications for tlm la} ' 
out of the preliminary' pages in the book, title, table of contents, preface, 
and so forth, and for the headings throughout the text, may enhance or 
mar the beauty of the book. 

Printing and binding. The type is set by machine, and 
run off in long galleys for the author’s corrections. If the book is 1*®*? 
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to be reprinted, a set of electrotype plates is made for the final printing. 
The book is made up in forms of 16, 32, or 64 pages each, and the sheets 
are folded into “signatures,” ready for binding. 

Various attempts to market paper^bound books in the United States 
have not been unusually successful. Since with our modern machinery 
cloth costs but a few cents more than paper, cloth binding is almost 
universally used, and the designer again has a chance here to use taste 
in the selection of color and texture. Now and then colored “boards” 
are used, with a cloth back strip. 

Copyrighting the book. An essential feature of a book is the copy- 
right notice, which must be printed either on the title page or the page 
following, with the word Copyright, followed by the year of publication 
and the name of publisher or author, whichever one owns the copyright 
The law requires that 2 copies be sent to the Register of Copyrights in 
the Library of Congress, with a formal application blank and a fee of $2 
Tlic term now runs for 28 years from the date of first publication and 
may be renewed for another 28 years. A bill for revision of the copy- 
right law to amend and consolidate the acts respecting copyright is now 
in committee of both the House of Representatives and the Senate. 

Distribution 

Formerly publishing was concentrated chiefly in the fall season, but 
there is now a more even spread through the year, and many important 
books are issued in the spring. 

The planning of the paper jacket has assumed great importance in 
the launching of a new book. It serves as bait and must be provocative, 
so that it will catch the wandering eye of the book-browser, and induce 
him to pick up the book, read the descriptive “blurb,” and perchance 
buy. Bookshop windows, proverbially drab in tone, have gained new 
color and selling appeal with the improvement in jackets in recent years. 

Often the paper cover is ready before the printed book, and goes out 
wdth the “dummy” copies the publisher’s salesman carries to show’ to 
booksellers, as an aid in getting advance orders. The larger city book- 
stores are visited several times a year, and in the intervals are reached 
by carefully built-up mail promotion and advertisements in the trade 
magazines. 

The smaller cities are covered by travelers once or twdce a year. The 
large jobbers wdth thousands of small accounts in gift shops, drugstores, 
stationery stores, and so forth, offer the publisher a valuable additional 
market. The larger rental library chams, which absorb a great deal of 
fiction, offer another valuable market. 

Available market. Estimates of the number of bookstores in the 
United States vary wdth the definition of a bookstore. There are about 
6,873^ shops dealing chiefly in books (the larger book sections in depart- 
ment stores arc included in this figure), and perhaps 900 more stores 
whose accounts bulk fairly large in the publisher’s total annual sales 
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volume. Circulntinj' libraries and Muidl book deparlraonis in gift and 
drugstores have grown in number in tlio last dernde, becau.-o of llic 
aggressive methods of tl\e large book whole.salcr.s. 

Public librarj’ orders are another strong factor in the indiistr}'. 
Recent fitalistirs of tlic total annual expenditures of free public libraries 
in (be United Stales were Sol, .001,137. On the laxsis of 25 per cent of 
Ibc libraricH' cxpcndiluics Iteiiig for books, iteriodieals, Iximling, and 
rebinding, the apjtroximate amount .spent for tlic-se purposes would be 
about §13,000,000.- 

Volumc of books produced. The United States Department of Com- 
merce census of book manufacture for tlio ye.nr 1937, the latc!>-t available 
figure.s, gave a total figure of 197,3.59,070 books, including 72,771,08.5 text- 
books (which are not sold through the regular trade ehnnncR). If we 
estimate that llic«c books were, sold al SI caeii, which is below the aver- 
age price, the total volume for the year, exclusive of schoolbooks, would 
be §124, .587 ,391, or about 1 book per capita. Tliis is low, but America 
is only gradually becoming a book-i ending nation. Tlic universal popti- 
larity of magazines, most critics hold, diminishes tlio rending time for 
books. 


What creates the demand for a book? What sells books Tcmains a 
great conundrum in publishing and bookselling circles. Publishers 
spend 10 per cent (often more) of the list price of the book for advertis- 
ing, n larger allotment than most other industries' make, and yet publicity 
does not inevitably make a book sell. Nor do enthusiastic reviews 
make it sell, though they undoubtedly help. The trade lias come to 
believe that "word-of-mouth" advertising is tlic decisive factor. Skill- 
fully planned publicity may helix to start this rcadcr-to-rcadcr verbal 
selling, but there are instances on record which indicate that it is tne 
book itself which gives olT the curious spark tliat .starts the conflagra- 
tion. If the book contains the intangible quality, the "life,” which wm 
carry it into the best-selling ranks, tlic public will discover it for itselL 
Probably it is this incalculable clement in the book business wliicli 
attracts people to it, and keeps tiiem dev’oted and interested through the 


years, though other lines of work might prove more lucrative. 

Advertising as a factor in sales. There has been a tendency in 
recent years to concentrate advertising in a smaller number of media, 
rather than to spread it thin over a wider range. Each book’s advertis- 
ing appropriation is determined individually and apportioned for no 
nouncements in trade magazines, in the book supplements of inctropo * 
tan new’spapers, and in magazines of national circulation. For boo ^ 
which must reach a special audience, other carefully selected media ar 
used, and are often supplemented by a mail campaign to "key pooP 
who can influence sales. Once a book starts to sell rapidly, an odditioo*^ 
appropriation for continued advertising helps to keep the title ^ 
public, and thus to increase sales and profits for retailer and publis 

The sending out of review copies and news stories about the book a 
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the author is handled by the publicity director, who must be an ingenious 
person who can seek out all possible avenues for exploiting the book and 
arousing interest in it. The value of books as news makes it possible to 
secure a great deal of free publicity in the press. 

There must be close cooperation between the sales department and 
the advertising department if the book is to reach its maximum sale. 
Display helps for dealers and promotion letters are often jointly planned 
by the two departments. 

A difficulty in publishing technique, which outsiders frequently fail to 
appreciate, is the fact that each new title is a new and separate problem 
in promotion. A special campaign to reach the customers who will want 
that individual book is required. Unlike the manufacturer of soap or 
cigarettes, the publisher cannot count on the cumulative effect of the 
advertising of former seasons to produce sales for this year’s product. 
T^^iilc certain imprints are recognized and valued by the exceptionally 
discriminating book buyer, the majority do not notice the publisher’s 
name. Each book is new, unless it is by an author with a large, loyal 
public, and even then a poor book may not attain the sales won by his 
previous books. 

Growing markets. In the last decade nonfiction books have reached 
unprecedented sales totals and often vie with novels in popular favor. 
This growth has coincided with a sizable expansion in national book 
demand, for which varied explanations are given by critics and pub- 
lishers The great increase in the number of Americans who go to high 
school and college undoubtedly has affected the book market. It ap- 
pears, too, that the automobile, the radio, the airplane, the motion pic- 
tures, all of them considered by conservatives to be rivals of books, have, 
on the contrary, given the public new reasons for reading. 

Twentieth-century opportunities for travel and world communication 
have enlarged the horizons of the average citizen and have made him 
more interested in the information books offer him. There is still a long 
distance to go before America ha§ the book-buying public she logically 
should have, but the growth in the past 20 years has been notable. 

The National Association of Book Publishers.^ The cooperative 
campaign of year-round book promotion carried on by the National As- 
sociation of Book Publishers has been a factor in this growing demand 
for books. It had its beginning in the first Children’s Book Week cam- 
paign, conducted jointty by booksellers, librarians, publishers, and lead- 
ers in the Boy Scout movement in November, 1919. Book Week has been 
observed annually since then and has become a big event on school and 
club calendars. Widespread distribution of posters by well-known art- 
ists, children’s book exhibits, plays and pageants, magazine articles — a 
great variety of publicity devices have been used to focus attention on 
the importance of choosing the right books for boys and girls. 

Out of this successful cooperative project grew the Association's year- 
round promotion program. Seasonal window-display material supplied 

*The National Association of Book Publishers has been superseded by the Book 
Publishers Bureau (see p 161) . 
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gratis lias helped to persuade dealers to make their displays timely. 
Merchandising suggestions for various classes of books, developed by 
groups of publishers (religious, business, technical, and so forth) ha\^e 
also been effective in enlarging markets and have assisted retailers to 
reach new bookbuyers. 

The Association has sought to increase book outlets, and has assisted 
prospective booksellers with concrete advice about capital needed, loca- 
tions, and similar problems. It also has active contacts with libraries 
and with national educational and welfare organizations. 

Its services to members include constant legislative work directed 
toward the welfare of the industry, a central information 8er\’ice, and 
cooperative promotion lists. A Joint Board of Publishers and Book- 
sellers, organized in 1930, has been studying 3 woblcms of mutual interest 
and has set up a ^'standard practice^' on several controversial subjects. 

Special sales promotion methods. The selling and advertising pro- 
cedures outlined above are the ones used by the general piiblisljer. 
Medical books, scientific books, and other special classes arc sold chiefly 
by mail, with few store outlets. The publisher keeps large classified 
mailmg lists of prospective purchasers, and circularizes them whenever 
a new’ book appears, usually offering to send the volume on approval 
Textbooks are sold by personal solicitation by salesmen, who visit schools 
and colleges and endeavor to secure adoptions for class use. Orders are 
then placed through local dealers who handle educational books. 

Subscription selling has passed through many phases, and the book 
agent is still an important part of the publishing industry. At a con- 
ference vdth the Federal Trade Commission in 1924, subscription pub- 
lishers adopted a code of practice ^Yhich eliminated many of the unfaii 
methods formerly pursued by certain unscrupulous firms. Enc 3 ’clo- 
pedias, reference sets, and sets of standard authors are sold through 
house-to-house canvassing, coupled with display advertising. 

Many of the larger publishing houses have several departments, and 
issue subscription books, medical or educational books, or other so-callcd 
'^bread-and-butter'^ lines, in addition to the more hazardous general 
lines of fiction and nonfiction. In bad seasons these departments, winch 
have a steadier income, form a most valuable ''backlog” for the firni. 

Remainders and reprints. '^Tien the general publisher finds liimseii 
wdth surplus stock of an unsuccessful book on hand, he usually disposer 
of it to a dealer in "remainders,” receiving a small fraction of the origin^ 
list price per book. The books are then sold at bargain prices in depart- 
ment stores and drugstores, and through the marked-dowm tables in the 
regular bookshops. Some firms believe that this practice tends 
cheapen books and lower the prestige of author and publisher, and thj^ 
it would be better to take complete losses on these books, rather than ^ 
sell them at reduced prices. Others maintain that they reach a specia 
bargain-hunting public and that it is better to salvage w’hatever one can 
from these unprofitable publishing ventures. 

Even a successful book may have only a short term of active sn 
Because of the great number of titles published and the modern clanoo 
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for what is new, many books cease to sell after two or three months. 
Others have a much longer lease on life and, with effective continued 
advertising, keep on turning dollars into bookstore cash registers. Book? 
of special merit are kept in print for years, and form a regular part ol 
the bookseller^s stock. 

Reprint editions at 75 cents and SI provide a second market for books 
which have reached a fairly large sale at the original price. The pub- 
lisher rents plates to the reprint firm, and is paid a royalty, half of which 
goes to the author. Larger editions are possible because the demand 
has been tested by the first edition. The reprint firms, issuing fiction 
and nonfiction, have developed thousands of new outlets in drugstores, 
though their books are also extensively sold tliroiigh the regular book- 
stores. The development of this enormous business has created many 
new book buyers, and brought additional profits to all branches of the 
trade There are interesting stories of surprises in reprint selling. Books 
which did not sell very widely in the original edition sometimes reach 
exceptionally high totals as reprints; others reverse the process, selling 
well at the first price and moving slowly as reprints. Some motion- 
picture reprint editions have climbed to sales of more than 1,000,000 
copies. 

A number of publishers issue their own series of reprints, instead of 
handling them through an outside firm. 

Other by-products of publishing are motion-picture and dramatic 
rights, and ^'second serial rights, '' serialization after publication. The 
publisher's contract with the author detei'mines whether he shares in the 
income from the sale of these rights. 

Publishing — Its Function and Importance 

Is the making of books a business or a profession? It has elements 
of both. Although not a large business as compared with many of our 
great mass-production industries, publishing has an extraordinarily im- 
portant function It makes a continuous contribution to civilization 
since it provides a means for transmitting ideas to the world and for 
preseiwing them; it also is constantl}’' adding immeasurably to the sum 
total of human happiness. It has always attracted men and women of 
individuality and conviction, often combined with a certain gambling 
instinct, for it is one of the most difficult of all ways of earning a liveli- 
hood, and one of the most fascinating. 



8 

The Newspaper Industry 


The Function of the Newspaper 

The ^'ord ‘^inclustiy'^ suggests raw materials, machinery, and a finished 
product which can be weighed and measured. It is a little unfortunate 
that this conception should be common, for in an}^ field of endeavor the 
important facts have to do not with the tangibles but with the intan- 
gibles ; not so much with the things that satisfy needs as with the factors 
in human nature that create the need and invent the means of satisfac- 
tion. We may say of the automobile industry, that its product is not so 
much automobiles as it is speed and change. Likewise we may say of the 
newspaper industry, that its product is not newspapers so much as it is 
the fulfillment of man's instinctive need to know about his world and his 
fellows. 

The final significance of the modern newspaper does not lie in the 
amount of its capital or in the size and the speed of its presses. These 
are important not in themselves but as symbols. They have made it 
possible to bring the news of the day, in the United States, at least, liter- 
ally to every man's door, every day in the year. Within tlie limits set 
by human nature thej’’ permit the creation of an intelligent public opinion 
such as has never before existed in the world. Without daily newspapers, 
read by nearly everyone, democracy, even in its present imperfect state, 
would be impossible in a nation so large and complex as the United States. 
The newspaper industry is as much a part of democracy as Congress or 
the New England town meeting. We should read this implication into 
the statistics of newspaper enterprise. 

Printing and the Spread of Knowledge 

The art of printing is a development of the art of writing, which every 
civilized people has sooner or later achieved. It is simply a means of 
lessening the labor of making copies by hand. It is a means so natural 
that we cannot say whether the invention of printing made possible the 
i pread of knowledge or whether the desire and need for knowledge neces- 
sitated the invention of printing. The Chinese and the Europeans 
stumb’od it independently, at iieriods of time far separated, and 
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appareiitiy for the same reasons — that people Avantocl to rend and tliat 
hand copying was too cxpeoi^ivc. The improvements in the art sinoc tlie 
days of John Gutenberg, nearly 5 cenftiries ago» have consisted mainly 
in the application of mechanical principles to save time and labor. They 
have kept step with a steady iinprovcmei^t in lite position of tlio masses 
of mankind, and they seem to have been both a cause and an cJTcrt of 
that improvement. 


History of the Mechanical Production of the Modern Newspaper 

Three steps may be considered as essential to the physical production 
of the modern newspaper: faster and cheaper typesetting; lowcr-priccd 
paper, notably that made from wood pulp; and fa^-tcr presses. The most 
notable strides in these directions liavc been made during the past cen- 
tury and many of them within the past generation. To these elements 
may be added improvements in communication, including the steam 
locomotive, the steamship, the airplane, the automobile, and the auto 
truck; the telegraph, the telephone, the siihmarinc cable, and the wire- 
less telegraph and telephone; and the transmission of ]>hotograj)hs hy 
telephone, telegraph, cable, and wireless. Without these aid.s the news- 
paper of today could no more ser\'c iis public tlmn a transportation com- 
pmy could liandlc the commuting traffic in and out of New York by 
means of hor.^c-drawn stagccoaclies. Wc mtiy go fur back in history 
— even as far back as Augustinian Rome — for the origin of the idea o\ 
the newspaper. We may trace it in posted bulletins, tonm criers, pam- 
phlets, and nows letters. But the conception of printed news as a com- 
modity offered to practicalh* evorj’onc is a thing of yesterday. 

Early printing presses. The speed of jwinting presses did not greatly 
increase for raan 3 ^ generations aRer the European invention of print- 
ing. Gulenberg^s first printing press was a modificaiion of a wnne press, 
operating with a lever and screw wliicli required several turns for each 
impression. Benjamin Franklin, more than 300 3 'cars after Gutenberg* 
used a press which, according to Kenneth E. Olson, ^ ^TcquirccI 9 sepa- 
rate hand operations and was capable of turning out at most 350 
an hour.” In 1814 the London Thnc^; was getting out an edition of 
10,000 copies in about 6 hours wdth 12 presses worked b}^ 24 men an 
average of a 'little less than 140 copies an hour for each press Ko won- 
der newspapers were so expensive that even the well-to-do rented them 
or organized "newspaper clubs’* to bux^ them, Wlien, in November, 
1814, the London Thnes discarded tlicse presses and installed the 
newspaper cjdinder press, it described the achievement as one 
gave to the world printing by steam on an almost gigantic scale.” Tne 
new' press was built by Fredrich Koenig; it printed on one side of 
sheet only, and it turned out 1,100 copies an hoiirl 


First cylinder printing press. The first cj'linder presses consis 


isted 


flat 


essentially of a revolving cylinder under w’hich the type, fixed on a 

^Typography and Mechanics 0 } the Ncicspaper. (Kew York: R* 
Century Company, Inc,, 1930.1 
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bed, was moved back and forth to make the successive impressions. 
Two thousand impressions an hour, or 4,000 if the press was fed from both 
ends, were about the limit of speed. Later the type itself was mounted 
on cylinders, the number of feeders was increased, and with 10 feeders 
one press could turn out as many as 20,000 impressions an hour. The 
type could not be printed in more than one~coluran widths, or it would 
pull out. Sometimes it pulled out, anyhow. 

The stereotype plate. The next step was tl}e stereotype plate, by 
means of which the page of type, after being set and locked in the form, 
was used to mold a page-sized paper matrix, or ^^mat,” from which a 
semicylindrical cast and any number of duplicates could be made, and 
with sufficient presses and feeders any number of impressions per hour 
could be turned out. Then came the continuous ''web'^ of paper in place 
of the separate sheets, with cutting and folding machines reducing the 
amount of hand labor to a minimum. The high speeds of the present day 
— ^running as high as 50,000 32-page newspapers an hour — ^^vere in sight. 

The linotypes and monotypes. Meanwhile numerous attempts had 
been made to increase the speed of typesetting, first by machines designed 
to pick type out of a case and arrange it, then by the modern linotypes 
and monotypes, by which lines or letters are actually cast in molten metal. 
The first linotypes, the invention of Ottmar Mergenthaler, were set up 
in the plant of the New York Tribune in 1886. These and similar ma- 
chines multiplied 7 or 8 times over the speed of expert hand setting. 
Without them the voluminous newspaper of today would be impossible. 

Wood-pulp paper. Wood-pulp paper came into use in the eighties. 
It, too, is a necessity to the large, low-priced modern newspaper. It 
is estimated that in 1939 the United States produced 939,442 tons of 
newsprint, and imported from Canada, the chief source of supply outside 
this country, 2,205,559 tons. 

Printing ink. The fundamentals of ink-making have perhaps changed 
less than those of any other department of printing. The earliest printers 
seem to have used linseed oil and lampblack, and these materials or 
their equivalent are the bases of printing ink today. But inks have kept 
pace with the development of high-speed printing. Rapid drying has 
been made possible by adding rosin dissolved in mineral oil, special inks 
have been produced for the rotogravure presses, on which the lines of the 
pictures or letters to be printed are engraved in the printing surface 
instead of being raised above it, and the variety and satisfactoriness of 
color printing have been increased by the use of inks containing coal tar 
dyes. The American printing ink industry, though not a large one, is a 
highly important one. A change in newspaper printing in recent years 
has made available two-color printing of advertisements in weekday 
editions. Although the results are crude, the number of newspapers of- 
fering such color advertising is increasing. 

Journalism 

Change in the character of journalism. Whether we think of large 
circulations as the result of these mechanical improvements in news- 
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paper-making or of the mechanical improvements as arising from an 
increased demand for ncv/spapers, the fact remains that high speed and 
wide distribution have been accompanied by changes in the character of 
journalism. Let us trace this development very briefly by going back 
to the beginning of newspapers in America. The first of these was the 
Boston Acics-Letfcr, established in 1704. It was not until 8 years later 
that the Pennsylvania Packet and General Advertiser, published in 
Philadelphia, became the country’s first daib^ These and other news- 
papers published in late colonial times and in the early years of the 
republic dealt largely in political and commercial news received by sail- 
ing ship from Europe, carried advertisements, and were highly con- 
troversial. They were read in coffee houses and other public places. 
Only the well-to-do could afford individual subscriptions. 

Two theories of journalism. A new kind of journalism, intended 
for popular consumption, appeared in the fourth decade of the nineteenth 
century. Two opposing theories were in sharp conflict for more than a 
generation thereafter. One was reliance upon the sensational handling 
of news. This kind of journalism in America took its rise from two 
pioneers — Benjamin H. Day, who founded the New York Sun in 1^3, 
and the elder James Gordon Bennett, who established the New lork 
Herald in 1835. These were penny papers, and they went in for sensa- 
tion and scandal in what was for that time a big way. The second 
theory was represented by Horace Greeley’s New York Tribiinef which 
was founded in 1841 as a penny paper but later went to two cents. The 
Tribune achieved its earlier fame more because of Greeley’s editorials 
than because of its new^s services. It was, in short, an “organ”'-“the 
prototype of many newspapers with vigorous editorial pages and the 
first really spectacular display of ^'personal journalism.” The indefat- 
igable news gatherer and the editorial thunderer were to compete for at- 
tention for many years to come. 

Day and Bennett sensationalized their news on the theory that the 
**man in the street,” whom they were perhaps the first to discover, was 
an emotional rather than a reasoning creature. Scandal and crime, with 
a dash of romance, were the baits offered him. It is obvious that even 
then the sensational papers did not reach as large a fraction of the public 
as do many even of the conservatively edited papers of today. At the 
outbreak of the Civil War, nearly a generation after the establishmen 
of the ^'penny press,” Bennett’s Herald had a circulation of about 
75,000 a day, which was said to be the largest in the w^orld; Greeley s 
Tribune chad a daily circulation of 55,000, though its weekly edition? 
mailed throughout the Northern States and used primarily as a politica^ 
organ, reached about 232,000; the Times, established in 1851 by HenO 
J. Raymond, had reached 40,000 during the first 6 years of its existence 
but had not passed the Tribune; and the Evening Post, a conservative 
newspaper wdth an influence out of proportion to the number of 
readers, had but 18,000. Outside New York City, such papeis as tne 
Springfield Republican, the Philadelphia Evening Bulletin, the Washing 
ton Star, the Detroit Free Press, the Boston Post, the Boston 
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and the Chicago Tribune were already flourishing All of them were the 
products of outstanding individual editors. 

Conflict between types of journalism. If we follow the course of 
journalism through the Civil War, the Spanish War, the First World 
War, and down to the present day, we can distinguish a continual con- 
flict between conservatism and sensationalism. The CiviT’War was in 
itself so vast and so tragic that it was hard to exaggerate. Sensational- 
ism for its own sake was discouraged then and for 2 or 3 decades 
thereafter. It was revived in its modern form by Joseph Pulitzer in 
his morning and evening TT'^orld and by William Randolph Hearst in 
a chain of newspapers stretching from coast to coast. It declined after 
its peak during the Spanish War, or rather was reduced to a formula 
which yielded few new ideas or surprises. After the First World War 
it reappeared in the new form of the tabloid, in comparison with which 
the older type of sensational newspaper sometimes appeared almost 
conservative. The tabloid, depending largely on pictures, probably 
tapped a stratum which found reading uninteresting and thus added 
many thousands to its circulation. It should be added, of coui'se, that 
the tabloid form is not in itself evidence of sensationalism and that there 
are tabloids which are no more sensational than their full-sized con- 
temporaries. 

The long war between the ^^personal journalism” of the newspaper 
dominated by a single individual and expressing that individuaFs private 
convictions on its editorial page and, on the other hand, the journalism 
which emphasized the news has ended in the victory of the latter type. 
This does not mean that the editorial page has ceased to be important,, 
though it consists nowadays far more of thoughtful interpretations of 
the news and far less, in most cases, of bitter controversial material. 
But the great developments have been in a fuller and more diversified 
presentation of the news and in more extensive, more scientific, and 
on the whole far more attractive advertisements 

The publisher of today. The successful publisher of today may be 
and sometimes is also a great editor. But he must be able to do more 
than direct a vigorous editorial page He must be an organizer able 
to put life into the news, advertising, circulation, and mechanical depart- 
ments. He must be a good businessman, a good judge of public taste, 
and as farsighted and public-spirited in his business policies as in his 
editorial policies. 

Economic Aspects of the Newspaper Industry 

The newspaper industry is large because people need to know what 
is going on, because high-speed manufacturing processes make it possible 
to tell them what is going on very soon after it begins to go on, and 
because advertising is a commodity for which sellers of goods and serv- 
ices are willing to pay. The industry is large in the aggregate and it 
contains a considerable number of large units — both individual news- 
papers and newspaper chains — as well as many more of small or medium 
size. It is characterized by great cooperative enterprises and by syndi- 
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cates which distribute news, feature articles, and pictures to numerous 
individual newspapers. Our approximately 1,950 dail}" newspapers em- 
ploy nearly 275,000 persons, have an annual payroll of $400,000,000, and 
receive an annual income of more than $850,000,000. The daily news- 
papers printed in English alone have a total average net paid sale every 
day of 41,131,000 copies, and their total annual consumption of news- 
print paper is 3,500,000 tons. The weekday newspapers have an average 
circulation of almost 20,000 apiece, oxir Sunday papers an average of^ap- 
proximately 58,000 apiece. Even though these averages arc brought up 
by a few great newspapers and arc thus not truly representative, they do 
give an idea of the magnitude of newspaper enterprises. 

'Among independent newspapers of large circulation w^e find the New 
York Daily News issuing 1,948,759 copies on weekdaj^s and 3,483,616 
on Sundays; the Philadelphia Bulletin, wdlh a 6-day average of 426,606; 
The Neio York Times, with a daity average of 477,385 and an average 
on Sundays of 802,386; the Chicago Tribune, with a daily average of 
1,078,886 and a Sunday average of 1,132,602; and the Kansas City Star 
and Times, afteraoon and morning editions of the same paper, vnth 311,- 
985 and 307,540, respectively. The New York Herald Tribune has 356,- 
512 on weekda3"s and 539,023 on Sundaj^’s, and the New York Sun has a 
G-daj" average of 312,112. The foregoing figures are averages for the 
6 months ended September 30, 1940. 

Development of chain newspapers. Chain newspapers have been 
in existence for more than a generation. The latest listing (1940) shows 
60 groups totaling approximately 300 separate newspapers. 

'‘Chain journalism” has been criticized on the ground that it tends 
to standardize news, editorials, and features, that it destroj's local edi- 
torial independence, and that it gives the owners of the chains a dangerous 
power over public opinion. For a defense of the group system we may 
quote Ro 3’ W, Howard, chairman of the board of the Scripps-Howard 
newspapers, writing in the North American Review: 

Chain newspaper operation needs no apologj'. Newspapers in th^ 
long run, almost without exception, succeed or fail according tq their 
abihty to serve the public interests of their community. What is tnie 
of a single new'spaper is equally true of a group. That cliain operation 
makes for financial stabiiitj' even critics of the sj^stem will admit. 

This is a matter of first-rate importance to the public which depends 
upon a newspaper for xmcensored facts and free editorial elucidation 
of those facts. With faucial stability and economic independence 
(granted the operation is in the hands of men whose sole interest is in 
journalism, men who are free from financial, social and political entangle- 
ments, as the successful group operators of the future are apt to be) 
comes a return of the fearlessness of the old-time editois of the daj’s 
before the production of a daily newspaper became a great and ex- 
pensb’e manufacturing job. . . . Chain newspaper development do^ 
not mean journalistic monopoly. It means elimination of economic weak- 
lings; fewer but more virile ownerships. It means recognition of the 
passing of so-called personal journalism, which too often meant private 
ioumalism with private interests put ahead of public interests; private 
hates and private favors with partisan political obligations to be met 
before considerations of community* sendee. 
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The indications are that, whatever may be thought of it, chain journal- 
ism has come to stay, though not to dominate. Such organizations as 
the Hearst newspapers, with 20, the Scripps-Howard with 19, and the 
Gannett group, with 17, seem firmly planted, and there are some 20 
other large chains in the country. 

Cooperative Journalism 

Group or cooperative journalism is not confined to newspapers cen- 
trally owned and administered. There is not a daily newspaper in the 
country which does not benefit by news and feature services received on 
cither a cooperative or a commercial basis. 

The Associated Press. No journalistic enterprise in the world offers 
a better instance of a joint undertaking than the Associated Press, a 
mutual association with 1,367 member newspapers, 225,000 miles of 
leased wires, 2,000 full-time employees and 1,500 or more part-time 
correspondents. Every staff member of every associated newspaper, as 
well as the staffs of the principal foreign news agencies of the world, is 
a potential contributor to the Associated Press, so that it has been es- 
timated that the organization has at least 80,000 individuals throughout 
the world at its call when need arises. The full dail}^ wire service of 
the Associated Press reaches an average of some 150,000 words, or enough 
to make a novel of more than the ordinary length. Its annual expenses 
in 1939 totaled $10,891,000, the costs being met by assessments levied 
upon the member newspapers. Because of the diversity of its member- 
ship, every precaution is taken to avoid bias or partiality in the presenta- 
tion of the news. Its work touches nearly every newspaper reader in 
the United States. 

The United Press. The United Press, unlike the Associated Press, 
is organized as a profit-making corporation which sells its service. Like 
the Associated Press, it covers a world-wide field. At the present time 
it serves more than 1,200 newspapers, about 1,000 of which are in the 
United States, the remaining 200 being located in 42 foreign countries. 
In the United States it has more than 140,000 miles of leased telegraph 
wires, and its complete daily service runs to approximately 100,000 words. 

The International News Service. The International News Service 
was organized by William Randolph Hearst to serve his ovra newspapers . 
and to sell service to other newspapers. It serves several hundred news- 
papers and its daily report runs to 30,000 words. 

Other news services. In addition to those mentioned there are a 
number of local and specialized news services in various parts of the 
country. In New York, for example, the Standard News Association 
covers Long Island and suburban New Jersey, and the New York City 
News Association covers Manhattan and the Bronx. 

Syndicates and feature services. Feature and syndicate ser\dces 
enter largely into the make-up of the typical American newspaper, 
though they are used more largely in the smaller cities than in the greater 
ones. The Associated Press has for some years maintained a feature 
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service which iiichidcs such fields as sports, household cconoinics, com- 
ment on events at the National Capitol, and news from Hollywood. The 
Associated Press also has a picture sendee and even sends out comic 
strips. United Features, a corporation largely owned by the United 
Press, issues pictures, comic strips, fiction, cartoons, and special “maga- 
zine^^ features. A large amount of feature material also goes out to 
newspapers taking the Hearst sendees. 

In addition there are a large number of syndicates and feature service^ 
which send out material, sometimes in the form of "boiler plate,'’ ready 
to print, sometimes in the shape of "mats," sometimes in printed fom. 


Advertising 


The Audit Bureau of Circulations. Though advertising is at least as 
old as newspapers, it is onl}’' in recent times that it has become a well- 
organized business. Until the establishment of the Audit Bureau of 
Circulations in 1914, for the purpose of furnishing reliable facts about 
the circulation of newspapers and other periodicals, it was not alwa3"s 
possible for an advertiser to know how man^* or what kind of readers he 
was icacliing. Since 1914, and particularly since the end of the First 
World War, advertising has attained a degree of stability and reliability 
not previously- realized. 

Advertisements : a mirror of civilization. In a bookkeeping sense a 
sharp line must be drawn between news and advertising, since the one 
occupies space filled by^ the newspaper at its own expense, whereas the 
other takes a position bought and paid for by^ the advertiser. In another 
sense both advertising and news are "news," Neither would be printed 
unless it seemed certain that at least some of the readers of the news- 
paper would be interested in it. Both are key^ed as expertly’' as possible 
to attract readers. A newspaper without advertising would seem bare 
indeed. In 1940, however, a new afternoon newspaper, PM, 'was begun 
in New York, with an avowed policy^ of cariying no paid advertising 
A glance at the files of 10, 20, or more years ago is enough to show ho'^ 
pricclessly^ advertisements will mirror our civilization for the ey^'cs of 


future historians. 

Advertising : its economic aspects. In its economic aspects advertis- 
ing is the backbone of the newspaper "industry-," as it is to a-slightly^ kss 
degree of magazine publication. That is to say, about two thirds of nu 
newspaper revemies come from advertising. There has been a remark- 
able increase, especially^ since the beginning of the present century, ia t»o 
amount of advertising space used, and a marked improvement m the 
artistic quality^ of advertising illustrations and lay-outs and in the integ- 
rity^ of advertising material. ]Many newspapers protect their readers by 
stringent regulations as to the kind of article that may- be advertised ana 
the claims that may’’ be made for it. Some, like The Nctv York Tunes, 
also have ty-pographical regulations limiting the use of crude black areas 
in type and the use of illustrations in advertisements, and forbiddiUo 
bizarre and freakish arrangements of type. The purpose of these regu- 
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Intions is to insure, so fur as po'^sible, u typographically harmonious news- 
paper. 

Advertising: its growth. The gimlh of advertising, both actually 
and in relation to circulation income, is illustrated by the following table 
showing newsi)apcr revenues from 1914 to 1937, inclusive. The figures 
are taken from the Federal Census of l^Ianufactures. 


Tablk I 

NEWSPAP12R REVENUES FROM 1914 TO 1937 


Year 


Suhncrijjiionii 
mul Salci^ 

Advertising 

1914 . 


$90,512,000 

$184,017,000 

1919 


, . 192,820,000 

373,802,000 

1921 


.... 212,030,000 

521,085,000 

1923 


, . 222,500,000 

580,938,000 

1925 


. 230,581,000 

001,513,000 

1927 


.... 252,811,000 

724.837.000 

797.338.000 

1929 . 


. . . 275,781,000 

1931 


201,509,000 

024,954,000 

1933 . 


.... 239,147,000 

428,073,000 

1935 . 


200,224,000 

500,023,000 

1937 


. 287,508,000 

574,180,000 


The depression which began in the fall of 1929 caused a decline in 
advertising, but the tiend again is upward. Meanwhile, it is interesting 
to note that whereas subscriptions and sales in 1914 brought in nearly 
one half as much as advertising, the}" produced only a little more than 
one third as much in 1929 and in 1937 again returned to the proportion of 
one half. The newspaper reader was obviously becoming a more and 
more valuable customer. 


A Modern Newspaper Plant 

To make the picture as complete as possible, let us now consider how 
a representative newspaper is produced. The tj’pical issue of The New 
York Times, which lies before us, has not onl}’’ the local news of New 
York Cit}’' and New York State but dispatches from Washington and 
other important American cities and almost cveiy foreign city of note. 
A mass of information bearing on cvciy^ activity of human life — on 
politics, finance, sports, society, shipping, international relations, the 
theater, and all the rest — lias been gathered from far and near. There 
arc notices of deaths, births, and marriages, tables of stock and com- 
modity prices, and weather reports. We have before us a picture as 
complete as the keenest of human ingenuity can put together of eveiy- 
thing important that a day has brought forth, whether conventional or 
matter-of-fact. An item may be as exciting as a detective story, as 
literal as a government report All legitimate tastes and needs are 
ministered to. 

Naturally, this daily portrait of humanity and its ups and downs is 
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not turned out by hit-or-miss methods. We may make a skeleton out- 
line of the newspaper process as follows: 

1. Three kinds of ^'copy^^ are prepared: (a) the news; (b) the editor- 
ial page articles; (c) the advertising. 

2. Copy goes to the composing room, where it is set into type and 
the type is assembled into page forms. 

3. Page forms are transferred into ‘^mats” and then, in the stereo- 
typing room, into semicircular metal plates, 

4. Plates are sent to the pressroom, where they are clamped on the 
presses, and the papers are printed. 

5. Printed papers are sorted and routed in the mail room. 

6. Papers are distributed to all parts of the world by wagon and 
train, by steamship and airplane, by every modem means of transporta- 
tion. 

To accomplish this huge task, the Times is organized into these de- 
partments : 

The News Department, which gathers the news articles for each day^s 
newspaper and prepares them for publication. 

The Editorial Department, which devotes itself to the editorial page 
the opinion as distinguished from the news. 

The Business Department, whose work falls into 2 divisions: (a) ad- 
vertising; (b) accounting. 

The Circulation Department, which supervises the distribution of the 
papers to news dealers and subscribers. 

The Mechanical Department, which handles the physical making of 
the paper in all of its stages. 

The Promotion Department, which produces the Times advertising 
and circulation promotion. 

The Personnel Department, which safeguards the welfare of the news- 
paper workers. 

The Executive Department, which exercises a general supervision of 
the many operations^that go into the production of the newspaper. 

Let us now follow the route of the newspaper in the making. 

The News Department. The central news mill into which the daily 
grist of happenings throughout the city, country, and w^orld is poured 
afresh each day and night is the News Department. Here it flows in 
from widely separate and diverse sources and in various forms: cable, 
wireless, and telegraph dispatches; telephone messages from far and 
near; and finally the facts, as yet unwritten, brought in by reporters 
fresh from covering their assignments. All has to be organized, selected 
and classified as to its news value and proper place in the printed pres- 
entation next morning. 

At the head of the new's organization is the Managing Editor, whose 
field is literally the world— the physical world, the world of scientific' 
discovery, the world of arts and letters, the entire daily business of man- 
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kind. Working under his direction, the News Department is divided 
into three principal “desks’^ and a number of specialized departments. 
The City Desk, over which presides the City Editor, handles local news. 
Domestic and Canadian news is handled by the Telegraph Desk, and 
wireless and cable news from foreign countries is handled by the Cable 
Desk. There are both day and night editors assigned to each of these 
three desks, and to each one of the night desks is attached a staff of 
copyreaders. In addition, there are the special departments: finance 
and business, sports, music, art and drama, real estate, and many others. 
The Sunday Book Review has its ovm staff, and the Sunday Editor, an 
important executive, supervises the Review of the Week, the Magazine, 
and the Music, Art, Drama, and Travel Sections. 

The City Editor has under him over 150 reporters for general work 
and departmental news, and, upon call, some 150 suburban correspond- 
ents throughout the metropolitan district. He keeps a careful record 
of news events scheduled or expected to take place on a given day; he 
keeps a close tab on all the happenings recorded in his own and other 
morning and afternoon papers so that he may follow up a running 
story; and he constantly receives fresh news tips b}^ telephone, by mes- 
senger, and by mail. Sometimes a day or more ahead, but more often 
not until the day before their publication, he assigns reporters to these 
stories. Each assignment, with the name of the reporter responsible 
for it, is entered on a schedule which, in the early evening, is turned over 
to the Night City Editor, who continues the same process until the paper 
goes to press. 

As soon as they have completed their assignments, the general news 
reporters, together with the departmental reporters who have covered 
the courts, City Hall, political headquarters, ship news, and so on, re- 
port to the City Editor or to the Night City Editor, and typewrite their 
copy. Meanwhile, from correspondents, from news agencies, and by 
wire from all parts of the country, the telegraph news has been flooding 
in; and over the cables and by wdreless, dispatches from tlie rest of the 
world have been flowing into the office. 

Each news story is referred to the appropriate one of the 3 desks and 
its copyreaders. The function of the copyreaders in each case is to 
correct errors, condense when possible and desirable, eliminate possible 
libel and anything smacking of the editorial tendency — ^whether unfair- 
ness or bias — and write the necessary headlines. The edited copy passes 
for scanning to the editor in charge of the desk, next goes to the Control 
Desk, where an exact record is kept of the space used for each story and 
of the space alloted to each department, and then is carried by automatic 
conveyors to the composing room on the floor above. As there are at 
least 4 successive editions each night, it frequently happens that stories 
in the first edition must be condensed or even taken out in order to make 
room for more important news which comes in later. 

The Editorial Department. Comment and judgment upon significant 
topics in the daj^^s news appear on the editorial page. A council of the 
editorial staff, attended as well by the publisher and his executive assist- 
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ants, is held twdce or more a week in the editorial conference room. Here 
the news is discussed and analyzed and the topics of leading interest or 
importance are selected by the Editor in Chief for assignment to the 
various editorial writers. 

The completed editorial articles, after receiving the approval of the 
Editor in Chief, are sent to the composing room to be put into type and 
arranged in their proper places on the editorial page. On the same page 
are letters from readers and the briefer and usually lighter editorial 
articles under the head of ‘^Topics of the Times/^ 

The Advertising Department. While the News Department has been 
preparing for its huge quota of copy for the composing room and the 
Editorial Department has been engaged upon articles designed for the 
editorial page, the third type of matter that goes to make up the news- 
paper — ^the advertising — ^has been assembled. 

A staff of advertising solicitors in New York and in offices maintained 
in other cities, all \mder the direction of the Advertising Manager, visits 
the local stores, the advertising agencies, and national advertisers to 
obtain display announcements. A special department of solicitors for 
classified ads keeps its corps of solicitors busy all day over the telephone 
wires. There are special advertising solicitors for rotogra^voire, financial, 
resort, and business page advertisements. 

All advertisements offered for insertion are closel}^ scrutinized for the 
honesty and propriety of their contents as well as for their typographical 
appearance. A special department looks after all cuts and layouts and 
makes suggestions for or insists upon such changes and improvements 
as to insure the publication of attractive cuts and a typographically 
harmonious newspaper as well. WTien the advertising matter has passed 
the test, it is sent to the composing room. 

The Mechanical Department. From tliree sources — ^the News, Edi- 
torial, and Advertising Departments — ^the copy has flowed into tlie com- 
posing room. News and editorial copy goes first to the copy cutter, Mio 
distributes it, in the case of news, usually in short “takes” to enable a 
maximum number of linotyqie operators to work on each ^iory simul- 
taneously for speedy completion. About one half of the floor space o 
the composing room is devoted to the handling of news and editona 
copy, and one half to advertising. In the “Ad Alley,” the advertising 
copy is set. 

The linotype, upon which most of the mechanical t5q)esetting is done, 
is in reality a compact type foundry. The operator sits at a ke3moar 
much like that of a typewriter, except that the letters are arrange 
differcntl3r. As he touches a key, a matrix, with the corresponding letter 
pimched in its edge, is released from a magazine. These matrices are 
assembled in a line which is automatical!}’’ moved to a position in fron 
of a mold in which a “slug” of t^’pe is cast b}’’ an injection of molten 
metal. After an article has been set the type is assembled, proofs are 
taken, corrections are made where necessary, and the type is readj^ for ^ ® 
proper place in a frame known as a “form,” equivalent to one page of 
newspaper. 
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Meanwhile, in the other section of the composing room, the advertis- 
ing matter has been set up and placed in the “forms,” where it awaits 
the news type. The Make-Up Editor then directs the placing of the 
news type in the position he considers best for it in the printed page. 
In making up the first page, he follows the layout determined upon by 
the News Editor, who decides upon the news plan of the day after con- 
sultation with his executive assistants. 

Tlic size of each day^s paper is determined by the l^Ianaging Editor 
early each evening after conference with the heads of advertising and 
the three news desks, each one of whom submits to him an estimate of the 
number of columns he will require to accommodate the day's news or 
advertising. If too much matter is at hand, it is the advertising, and 
in no case the news, surplus that is dropped. 

After one of the page “forms” has been filled with tj^pe, a sheet of card- 
board composition is laid over it and subjected to the tremendous pressure 
of a rolling machine. The result is a matrix or “mat,” a mold in which 
each letter is represented by a depression. The completed “mat” is then 
taken to the stereotype room, where it is packed to prevent distorting, 
scorched to prevent breaking, bent into scmicylindrical form to fit the 
shape of the printing press cylinder, and finally put into an “autoplate” 
machine, where a number of casts or “plates” are made. It is from these 
plates, metal replicas of the original paper mats, except tliat the type is 
now in reverse like looking-glass printing, that the newspaper is finally 
printed. 

The pressroom, where the final processes of manufacture take place, is 
a place of thundering activity for about 5 hours each night. On an 
average week day, the Times has a net paid sale of 477,385 copies, and 
on Sunday a net paid sale of 802,386 copies. Parts of the Sunday edition 
are printed m advance, but the schedule never admits of any lagging. 
Men and machines alike must work with clocklikc precision. The mere 
bulk of a great newspaper printing plant's operations may be imagined 
from the fact that the Times uses 110,000 tons of newsprint paper and 
3,500,000 pounds of ink yearly. 

When the stereotype plate reaches the pressroom it is clamped in its 
proper place on the big cylinders, and when all the plates are in place the 
presses are started. Paper is fed from great rollers, passing between 
cylinders in such a way as to be printed on both sides at once; and the 
printed “web” is then cut, pasted, and folded automatically, emerging in 
the form of completed newspapers. 

New inventions, such as the “autopaster,” which for the first time 
makes it possible to replenish the paper roll on a moving press without 
slowing down the press, are constantly adding to the speed and economy 
of operation. This device, installed first in the fall of 1931, embodies 
47 different inventions of the maker, Henry A. Wise Wood. One of the 
Times presses weighs 92 tons, is made entirely of steel, and has an esti- 
mated capacity of 50,000 papers an hour of any size up to 32 pages. 
The Times pressroom in Manhattan is capable of producing 554,000 
complete 32-page newspapers an hour. 
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The Sunday edition. The Sunday edition pnP«cs ihrougli t!\c Home 
mochnnical procc?tcs a;* the daily edition, except Hint the Timrs Maga- 
zine Section, Book Review, and the picture poctionfe are piintcd by an 
intaglio process on rotogravure presses. The special sections of the Sun- 
day edition are produced under tlic direction of individual editors, each 
with a staff of subeditors and contribulors of his own. The Sunday 
Times aims to present the background of the new.s, in book review.®, in 
the dramatic pages, in the jiagcs devoted to aviation, automobiles, real 
estate, fashions, and genera! business, in the illustrated rotogravure .'po- 
tions, and in magazine and feature articles. The magazine and feature 
articles attempt to explain iind interpret tojuc.s wliich have been j>romi- 
nont. in the news. Some are written by members of the Sunday staff or 
arc submitted by piofessionnl writers and reporters, while many others 
arc the work of men and women con.'picuou.' in the world’s affairs for 
activities other than writing. In if.s methods of securing material for its 
articles, in its world-wide contacts, and in it.® .'v.'tems of copyreading and 
editing, the methods of the Sunday Department resemble those of the 
Kews Department. The main difference is that though llic chief eni- 
phasis is on facts, interpretation play.s a larger part than in the daily 
nows storic.s. 

Mailing and distribution. The final .steps in getting the newspapers 
to its readers arc taken by the Circulation Department. As soon as the 
printed papers arc off the presses thej* arc carried by wire conveyors to 
the mailing room. From this room most of tlicin arc distributed in 
bundles to newsdealers and news companies. (Automatic maehinerj' 
plays a large part in tlio bundling and wrapping.) The bulk of the out- 
put goes by auto truck to dealers within a CO-raile radius of Times Square. 
Outside this radius the papers are ordinarily sent by train, either in 
bundles to dealers or in copies mailed to single subscribers in the United 
States and abroad. Deliverj" is also made by airplane. 

Such, in briefest possible outline, is the stoiy of the way in which one 
newspaper, in a miraculously short space of time, turns out its hundreds 
of thousands of copies. We have not stopped to look into the telegraph 
room, with its ever busy instruments; the radio room, which is in con^np^ 
touch with stations and ships all over the world; or the “morgue, m 
which are kept hundreds of thousands of clippings, with a cumulative 
index going back to 190.5. Nor have we been able to visit the great paper 
mill at Kapuskasing, in nortliern Ontario, of which the Times is 
owner and the major part of whose annual product goes to the Tunes- 
But perhaps w’e have seen enough to realize that getting out a metropoiJ" 
tan nevrspaper is an enterprise of no small magnitude. 

The Future of the Newspaper Industry 

Newspaper business, whether in the case of the great individual neps- 
papers, of the “chains,” or of the news-gathering and fact-gathemnS 
agencies, has undeniably become “big business.” There is no pr® 
ability that it will ever become small business again. We may think o 
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the future in terms of mechanical improvements and in terms of the cul- 
tural significance of the newspaper. 

No one can safely predict what invention will achieve in the gathering 
and dissemination of the news. Probably the processes involved will be 
still further shortened. The completed newspaper will probably be sent 
farther and faster than it is today. That the newspaper will ever be 
displaced by the radio or any similar invention may be doubted. An 
essential quality of the newspaper is that it is a permanent record from 
which the reader may select what he likes. This permanent record may 
some day be impressed upon some material other than newsprint by some 
means other than the present-day printing press, but it will still be a 
newspaper and the present-day principles of sound iournalism wall still 
apply to it. 

The newspaper is, and must be, a cultural agent. On the w^hole, Amer- , 
ican new'spapers are now" better equipped to fulfill this function than 
they w^ere a generation ago. They arc more complete, more accurate, 
less affected by the prejudices of individuals. Newspapers have grown 
bettor because the public has been educated to demand better new"spapers, 
and because no new-spaper, in the long run, can survive and prosper wdth- 
out public confidence. The great new"spaper is ^^affected wdth a public 
interest,’^ and this truth is being more and more realized both by publish- 
ers and by readers. While mankind retains a spark of interest as to 
what is going on in the w^orld, the newspaper, in some form, wdth wdiatever 
mechanical and scientific aids are available, wall survive. As long as 
there is a food industry or a building industry, there will be a ^^new^spaper 
industry.^^ 
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The Textile industry — Cotton from Prehistoric Times 

to 1930 


Cotton in Prehistoric Times 

An ethnological mystery. The history of cotton begins with an 
ethnological mystery. Cotton occurred in prehistoric times in three 
continents: Asia, South America, and North America; and there is no 
scientific evidence to establish positively any one of these areas as the 
original source. The generally accepted literary and academic belief 
points, of course, to Asia, since all other records of human culture there 
are immensely more remote than in the New World. In addition to this 
is the unquestioned fact that human life came to the Americas from Asia 
in a series of waves of immigration and at remote and various periods of 
time. Man is not a native of our fauna; nor have we 3’'et found in the 
fossil remains of the American continent any evidences of the earliest 
forms of the human race. The assumption, therefore, is that the immi- 
gration from Asia was, relatively speaking, at the higher levels of human 
culture. But this by no means proves the assumption of the priority of 
the use of the cotton fiber in Asia as opposed to the New World. 

For many years, moreover, authentic specimens of cotton lint, ^’^arn, 
and fabrics have been discovered in wideb" scattered grave sites in North, 
Central, and South America. Conservative archeologists have attributed 
to many of these specimens a considerable antiquity, and most of these 
ancient specimens show an extremely high degree of technical and 
artistic skill and, by inference, considerable agricultural knowledge. 
Museums and private collections, here and in Europe, are rich in splendid 
and growing collections of these amazing works of art. From the diver- 
sity of the specimens discovered, the intricate nature of their constiuction 
and decoration, the difficulties of desert cultivation, and the extent of the 
contiguous cotton area in the New World — ^from* the central portion of 
Chile to the salt mines in northern Utah — raa^’^ reasonably assume an 
antiquity for the first use of cotton infinitely more remote than the theo- 
retical dates of the actual specimens so far recovered from the grave 
sites. The dawn of a new technic does not reveal such intricate perfec- 
tion of detail as these documents attest. 

167 
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In addition to this unimpeachable eiddence, there arc extensive and 
accurate records of the Spanish commentaries as to the skill and artistrj^ 
of the natives in the fabrication of cotton fabrics in practically all areas of 
their conquests. Columbus sent back to Spain cotton yarns and fabrics 
from his first contacts in the Caribbean; and on the strength of his find- 
ings he argued eloquently, if inaccurately, that lie must have discovered 
India, since to his mind — as to the mind of the average Spaniard of that 
day — cotton was an Indian product. 

Have we perhaps fallen into the same error and accepted with too great 
haste the assumption that cotton must originall}" have been cultivated in 
Asia and transferred to the New World as a cultuic trait? 

Earliest known cotton discovered in India, Until recently, there’ was 
no physical evidence from Asia to prove that cotton was more ancient 
than the sixteenth century; but recently a small fragment of cloth, per- 
haps three eighths of an inch square, and a few fragments of yam 
oxidized in the handle of a silver vessel, excavated from ruins in the Indus 
Valle}', have been discovered to which credible authorities have ascribed 
an antiquity somewhere between 3000 and 3500 n. c. Aside from a 
16-ply yarn, which suggests great skill in spinning, there is nothing in 
these fragments to indicate the breadtli and extent of technics found in 
the fabrics of the New World. But at least the physical character of ^ 
the cotton, as determined by micropliotography, is little different from 
the varieties and types of cotton still groum on the plains of India. 

Cotton in prehistoric America. As j'ct. wc liave found no cotton m 
the “New World wliich approaches wdtliin 1,000 years tliis venerable 
antiquity; but cotton has been discovered in a cave in Grand Gulcb, 
Utah, wrapped around a naturally dried body, in the form of an intricate 
tapestr}' apron, in geometric symbolical design, representing a civilization 
that had completely passed away from this semidesert region before the 
davTi of any known culture. 

Opinions vary as to the age of this fabric, and the hesitation ana 
modesty of American archeologists are well illustrated in the dates 
ascribed. These estimates vaiy’' from 1000 to 2000 b. g. A portion of 
this fabric is in the Museum of Natural Histoiv’* in New York City; a 
second fra^ent is in the Museum of the American Indian; and a third 
fragment is in the author’s collection. The technical skill involved and 
the artistic certainty of pattern mark this fabric as a finished exampk/ 
not as a crude beginning of an art. 

Other fragments, showing interesting and well-organized designs 
worked out in human hair on a cotton background, have recently been 
^anearthed in the salt mines of north-central Utah; and there is reason to 
believe that these are even more ancient than the interesting specimen^ 
unearthed in Grand Gulch, Utah. A loom containing a partiall}" finished 
web of cloth from the same general area is of the t 3 rpe universally asso- 
ciated with cotton. 

Nor are these the only reminiscences or records proving that the 
vation and fabrication of cotton lint were well known in these region^/ 
perhaps as early as the second millennium b. c. 
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It is a curious fact that the basic technical principles of spinning and 
the basic loom types arc identical in the ancient cotton areas of the New 
World and Asia, In both areas occur every type of fabric and method of 
decoration. This situation has led many thoughtful students of culture 
to the assimi])tion that, at some remote period and from some undeter- 
mined area, cotton culture and technics spread from Asia to tlic New 
World. 

This assumption is diflicult to support, since none of the food plants 
of Asia occur in the highly developed horticultural science of prehistoric 
America; nor do any of the domestic animals of Asia, the wheel, iron, and 
so forth. But the bow and arrow are believed to have spread from Asia 
to the New World, and therefore why not the loom, the spindle, and the 
cotton fiber? 

In Professor Roland B. Dixon’s splendid book, Building of CuliurCj ho 
treats the subject of intrusion of matoriarculturc from Asia to the New 
World with high scholarship and disapproval. The only hesitation or 
doubt in his presentation is involved with the textile complex in these 
two remote areas. 

Recently, liowevcr, the botanists have come to the aid of the ethnolo- 
gists, and liavc determined by long and patient experiments that the tme 
Asiatic cotton and the true cotton of America are apparently distinct 
botanical species. In the seed cell of the Asiatic cotton, there arc only 
13 chromosomes; whereas, in the seed cell of the American cotton, there 
are 26. They have almost decided to give these plants distinct scientific 
names. Is there significance, perhaps, in the fact that the number of 
chromosomes in the Asiatic seed are just half the number in the American 
seed? And docs this numerical difference represent a variation that may 
have resulted during a long period of time and change of environment; 
and docs it, therefore, support even more strongly the idea of original 
intrusion? This assumption, however, is speculation on a dangerous 
premise. No one is willing to assume an antiquity sufficiently remote for 
highl}^ developed cultures in the New World to account for this botanical 
change. 

On the other hand, a strong prima facie case may be made out for 
the appearance of the cotton plant and the independent evolution of 
technics in both continents. For example, it is well known that all 
primitive people seek with extreme earnestness for filatory elements. It 
is a quest almost as eager as the quest for food or decoration. This 
search has covered every conceivable phase of nature, and has discovered 
and made use of a vast number of different raw materials. If, therefore, 
two peoples, remote in time, culture, and geographical position, should 
have chanced in nature upon two similar hair seeds, and have attempted 
to create from these yarn and cloth, they would have been met by the 
same technological difficulties. Later, the author hopes to establish the 
fact that the peculiarities of the cotton fiber determined both the types 
of loom and spindle, and the methods of spinning and weaving used in 
these difficult operations. Through elimination and experimentation, 
two peoples might have arrived at the only possible technological solu- 
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tions of their difficulties, and through comprehensive trial-and-error ex- 
periments in technological methods, they might have reached the same 
group of results through technological exliaustion. This fact does not, 
of course, imply any similarity in design or a parallel emphasis on tech- 
nics. That we have not added a single new fundamental technic to the 
spinning and weaving of cotton or to the decoration of fabrics since these 
craft ages seems strongly to support this assumption. But the idea 
should be regarded only as an assumption, strongly shaded on the side of 
probability. New archeological discoveries may at any time occur which 
will reinstate the more romantic theory of intrusion of material culture or 
diffusion from a common center. 

In the prehistoric grave sites of the deserts of coastal Peru have been 
found every type of woven fabric and every method of decorating a web 
of cloth known in anj^' other part of the world or at any other time. 
While wool and human hair were largely used, the culture is funda- 
mentally that of cotton. If there w^ere no other record of yarn spinning 
or cloth weaving by which to be guided except those found in prehistoric 
Peru, every type and technic of cloth making known today could be 
restored.^ 

Structural similarities of prehistoric and modern cotton. Consider 
for a moment the physical peculiarities of cotton lint: It is a seed hair, 
like other plumose varieties, evolved in nature to aid in the wider dis- 
tribution of the seeds at maturity. It has one peculiaritj", however, of 
the utmost importance. The cotton fiber is a fiat tube, which is attached 
to the seed. It is open at the butt end and sealed at the tip. This canal 
contains a certain amount of vegetable oil, which, upon maturity, floors 
back into the seed; and since the walls of this canal are of unequal thick- 
nesses, the ripened fiber collapses in an irregular manner and forms half- 
twists, or kinks, wdiich produce the friction surfaces necessary to make the 
fibers adhere through the act of spinning. 

This quality is not defined so well in wild cotton as it is in cultivated 
cotton; nor is the degree of spirality as essential in hand, as opposed to 
machine, spinning. But at some place and at some time, it must have 
been sufficiently defined to have attracted primitive man in his quest for 
spinnable fibers and to have been accentuated later through selective 
breeding, until the quality became fixed. If cotton were cultivated for 
lint alone, the increase of lint compared to seed would naturally increase 
this spirality. There are slight stimctural differences between prehis- 
toric cottons and modern cottons; but taken as a whole, the same physical 
qualities appear in the cotton recovered from grave sites as are found in 
the cotton fields of today. 

Fundamental methods of spinning. The later introduction of the 
spinning wheel in India somewhat obscures the fact that the fundainenta 
methods of cotton spinning in Asia and the prehistoric cotton areas o 
the New World are mechanically identical. Even after the wheel was 


*See Crawford, M. D. C„ 'Teruvian Textiles’^ and ‘Tenivian Fabrics,” in Amertcan 
Rhiseum 0} Natural History Anthroxiolopical Papers. 
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in nse for the coarser yarns, the spindle, with one point resting on a 
friction-reducing surface, was employed to make the exquisitely fine 
yarns used in the gossamer Dacca muslins. It is the author^s belief that 
this earlier method is comparable to the technic of ancient Peru and that 
the method employed in primitive cultures is still in existence. 

There are three fundamental methods of spinning (see Figure 1), all 
of which are still practiced by primitive people and have an amazing 
antiquity. The first and earliest is the rolling of fibers on the naked 
thigh ; the second is the completion of the spinning process by the aid of 
a rapidly revolving suspended weight, knoum as the “distaff and whorP’ 
method. 

This second method is generally applicable to bast fibers, such as 
hemp, flax, ramie, and jute, and the coarser wools. It was the method 
used in Greece and was once common throughout Europe. To the 
author’s best knowledge, this technic is never applied to cotton, except 
where there is evidence of intrusion ; and it can never be applied to the 
finer counts and types of cotton yam, because the shortness and weakness 
and irregularity of the cotton fiber prohibit the use of a technic which 
accentuates, rather than controls, vibration. 

The third method — the earliest recorded form of spinning in India- 
consisted of a spindle, one point of which rested on a friction-reducing 
surface, while the thumb and forefinger of one hand gave it a steady 
rotary motion and the other hand elongated and twisted the soft, partially 
formed yam or roving into yam. This was unquestionably the method 
pnrsued in the spinning of prehistoric Peruvian cotton, as all of their 
delicate palm-wood spindles show at one end that polish which could only 
have been the result of contact vdth some smooth friction-reducing sur- 
face. Shells, pottery, and wooden bowls are a part of each spinmng 
basket found in the graves. The Cayapa Indians of Ecuador still prac- 
tice a method which, with slight variations, must have been the universal 
practice in Peru and in India before the Spanish intrusion in the former 
region and the introduction of the spinning wheel in the latter region. 

A comparison of cotton-spinning methods in the different world cotton 
areas, ancient and modem, suggests a similaritj’* that can be accounted 
for as the most logical technical solution of spinning this difficult fib^^j 
even while such a similarity of process implies cultural contacts. A 
least, the technological explanation avoids many difficulties and scientmc 
uncertainties incident upon the intmsion explanation. 

Early looms. Early looms of Egj^pt, Mediterranean races, northern 
Europe, England, Iceland, Alaska, and the prehistoric Swiss Lakes ere 
the single-barred, warp-weighted type (see Figure 2), beautifully 
trated on Greek vases and proved by the warp weights found in the prC' 
dynastic Egyptian graves and in Asia Minor. This loom is, vnth a single 
interesting exception, associated with either bast or wool fibers, or botm 
The single-barred loom is never associated vdth cotton in any 
the world or at any time. It has remained unchanged for nearly 
years and is distributed over three continents. Apparently it has onere 
no possible mechanical growth. The single-barred loom has an appa^^^ 
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association with the bow and arrow, and, with the bow, was evidently 
introduced from the Old World into Alaska, where it is still used to 
weave. It can be said that the two-barred loom (see Figure 3) covers 
the cotton area of the New World, from Peru northward through Central 
America, Mexico, our own Southwest, and into the northern central 



limits of the state of Utah. There was a seepage of this technic into the 
South American jungles, but the two-barred loom does not occur an^^- 
where else in North America, except in a modified form of a bag loom 
among the Salishan people of our Northwest. 

The cotton area of the New World in prehistoric times seems seldom, 
if ever, associated with the technic of the bow and arrow; it seems difficult 
to imagine how any primitive people who depended largely on the chase 
for food could have abandoned as useful an implement as the bow in 
exchange for a more rudimentary type of spear thrower, and, at the same 
time, could have exchanged a primitive for a more complex loom. 

These suggestions seem generally to support the idea of intrusion via 
the Pacific. They are not, however, advanced as proof but merely as 
an effort to cover the entire body of evidence in the limited space that 
this phase of the discussion deserves. A technological explanation of 
this loom similarity, however, is possible. Cotton fibers and yarns arc 
more pliable and permit of a greater refinement in spinning than any 
other natural fiber. The purpose of a loom is to keep the warp — ^that is, 
the threads that run the length of the fabric — parallel to each other and 
at a reasonable degree of tension for subsequent manipulation in weav- 
ing. ^ It will be obvious to anyone who gives the matter consideration 
that a single-barred loom, where the warps are paralleled and kept at 
tension by weights attached to small groups of warps, would not be an 
adequate implement for the weaving of fine cotton yarns. Nor is it too 
great an exercise of technical imagination to assume that it might easily 
have occurred to two w^eaving people to add a second bar to the loom 
when they encountered the cotton fiber, without any cultural contacts to 
explain the intrusion. 

The only exception to finding a two-barred loom in association with 
any fiber other than cotton occurs in Egypt. A t^vo-barred loom was 
recently discovered in a tomb in Thebes, dating back to about 3500 b. c. 
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This is in the form of a grave model, showing not only looms in position 
for weaving, but the preparation of warp yarn to be placed in the loom 
and the spinning processes. From that time on, illustrated Egj'ptian 
looms were of the two-barred variety (see Figure 4) . But the older type 
of loom in Egypt was the single-barred variety, as evidenced by the warp 
weights in the more ancient tombs; and primitive cultures still in ex- 



Courtesy Cairo 

Fig. 4 Egyptian weaving — Cairo, 3500 b.c. 


istence on the upper Nile use single-barred looms. Trade in sailing boats 
between India and Eg>^pt is knowm to have existed as early as 3000 b. c., 
and it may well be that the two-barred loom was an intrusion from some 
part of Asia open to this commerce. 

On the other hand, the technological explanation may be that Egypb 
as early as 3500 b. c., had already developed a high degree of perfection 
in spinning the finer types of flax yams; and a very fine filament of 
would be almost as pliable as cotton and would therefore have required 
the two-barred, rather than the single-barred, type of loom for successful 
weaving. 


Dawn of the Modern Use of Cotton in Europe 

The textile arts of Europe, of which our own are a repercussion, 
practically without exception the result of Asiatic intrusion. It must be 
remembered that the two-barred loom and wheel are of Asiatic ongm. 
Wool and flax were, of course, native European fibers. We find them 
fabricated into intricate cloths in the Swiss Lake civilizations in neohtluc 
times, perhaps even earlier. But wool and flax, during historic 
were spun and woven in Europe on Asiatic, not on European, principle- 
and implements. 

Routes of textile intrusion. The general routes of textile intrusioo 
from Asia to Europe were through the great cities of Byzantium 
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Alexandria to the islands of the Mediterranean ; eventually, at the dav’n 
of the Renaissance, into Italy; and gradually into northern Europe 
There was another current of intrusion through the Mohammedan in- 
vasions along the coasts of Africa and eventually into Spain, But while 
a high degree of technical skill in the fabrication of silk and cotton oc- 
curred in Spain, religious differences and a perpetual condition of war- 
fare on the northern frontiers prevented their penetration into Europe. 

In all of this vague record of commerce and technolog}’^, there is a 
thin trickle of ‘cotton. Certainly cotton was used as a wool adulterant 
in Italy as early as the twelfth century, and all-cotton fabrics were 
manufactured in Spain at an even earlier date. There arc records of 
cotton lint being imported into the English monasteries in the twelfth and 
thirteenth centuries and used for candlewicks and also as a wool adul- 
terant in the fustian cloths. But cotton only becomes important in 
European commerce and technology’' with the discovery of the water 
route around the Cape of Good Hope by Vasco da Gama, in 1497. 

Effect of discovery of all-water route to the Orient. The year fol- 
lowing this memorable voyage, a Portuguese commercial venture re- 
turned from the Orient with a cargo of spices and a heretofore unknown 
article of commerce, Icnown as ^^pintadocs/^ or painted cottons. 

The effect of this journey was to open trade in the Orient to Portu- 
guese energy’’ and, by so doing, to diminish the commercial importance of 
the great Italian trading cities, which had used the older land and water 
routes to the East, until they fell under the control of the fanatical Turks 
in 1452. 

The discovery of an all-water route to the Orient not only cheapened 
Oriental products in Europe but very rapidly absorbed the trade with the 
East that the Italian cities had monopolized for centuries. This had two 
direct influences related to the subsequent cotton development in Europe: 
(1) it introduced painted or printed calicoes, and hence the desire for 
color, to a very’’ wide market; and (2) it forced the Italian cities to rely 
on their native ingenuity’’ as manufacturers of merchandise rather than 
as international merchants. 

The Calimala Guild in Florence had been engaged for at least 3 cen- 
turies in the importation of raw wool from England, to be fabricated into 
cloth in Florence, and also in the importation of rough homespuns, to be 
dy'ed and finished in Florentine mills This association between Eng- 
land and Italy’’ was certain not only’’ to have affected English ideas on 
international business and banking but also to have left some technical 
germ which was later to bear fruit in the mechanical phases of the Indu*^- 
trial Revolution. 

Contributions of Leonardo da Vinci and Johann Jurgen, The most 
important of later cotton inventions — an invention without which it is 
difficult to see how the mechanical phase of the economic revolution 
could liavc occurred — can be traced to a sketch, or rather a diagram, of a 
device to spin cotton fiber found among the mechanical drawings left by 
Leonardo da Vinci (1452 to 1519). During the life of this great Floren- 
tine, no model of this sketch is knovm to have been produced. It was 
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apparently too far in advance of the technical knowledge of his own time 
to be of value. But 50 years after his death, this sketch came into the 
possession of Johann Jurgen, a wood carver of Wattenbuttel, in Bruns- 
wick, who modified its form, produced it in wood instead of metal, and 
attached it to the Oriental spinning wheel, which, with this addition, be- 
came known as the “Saxony^^ or “Brunswick’^ spinning wheel,^ an object 
familiar to all collectors of antiques. 

The device consisted of a spindle with a hollow jacket, both of which 
operated at different rates of speed, with the partially spun roving twisted 
around one end of the flier to create friction. Draught was created by 
the difference of speed between the jacket and the spindle. This wheel 
was the first used in Europe that made possible the spinning of cotton 
threads of any strength, since the European spinners lacked the skill of 
the East to produce cotton-warp yams on the plain Asiatic wheel. 

In Arkwright’s memorable invention, to be later described, the pnn- 
ciple of this flier appears, and it more closely resembles Leonardo da 
Vinci’s original drawing than the earlier modification of Jm’gen on the 
Brunswick spinning wheel. It is not too great a stretch of the mechan- 
ical imagination to claim that da Vinci’s idea was the technological start- 
ing point for all modern forms of cotton machinery and, consequently, to 
designate it as the mechanical starting point of the Industrial Revolution. 

England’s renewed interest in Oriental markets. England’s first 
direct interest in the Oriental trades developed after the defeat of the 
Spanish Armada had proved to English sailors that they had nothing to 
fear from the Spanish mastery of the ocean. They discovered that their 
light, compact privateers were more than equal to the cumbersome mer- 
chantmen and men-of-war of the Spanish na^’y. 

England’s first participation in this trade began significantly in an act 
of piracy, when her privateers, in 1592, captured the Madre de DioSj a 
Portuguese carack, returning from the Oriental markets. Her cargo oj 
calicoes, linens, quilts, carpets, and spices, together with jewelry and 
other rich commodities, aroused great interest in England; and in 159y, 
the London East India Company petitioned Queen Elizabeth for a char- 
ter, which was granted a year later. In the early business of tlm grea 
East India Company, cotton played only a minor role, the main interes 
being in spices, England had nothing to exchange with the East that the 
East was wdlling to accept, and consequently she had to maintain tne 
trade relationship with silver. 

Early block printing. England’s early efforts in the Oriental marke^ 

were confined to purchasing cotton fabrics on the mainland of India an 

taking them to Java to trade for spices. Por at least half a century ^ 

this early trade, English ventures concerned themselves largely 

of piracy in the Indian seas against the Dutch, the Portuguese, and 1 

natives, with apparent equal indifference as to the properties involved 

with a shrewd eye for piratical opportunity.^ 



*See Usher, A, P , .4 Htsiory of Mechanical Invention (New York’ McGra'^ 

Book Company, 1929). 

*See Craik, History of British Commerce, 
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The influoncD of the imporfntioii of calico on Engli5?h commorcc and 
industry was soon felt. In an effort to ])rotect the silk^ woolen, and linen 
btisincss of Et^gland. n law was jiasscd as early as 1700 pioliibiting the 
iinpoilation of Indian calicoes. Subsequent modifications of this law 
will bo referred to later; at the time, no all-cotton goods were produced 
in England, and cotton itself wa^ only used ns a wool adulternnl, although 
a printery had been established near London in 1G9G with l^rcneli IIu- 
guonot labor and capital, where Indian bleached cotton goods were 
printed by hand blocks, and later linen-warp and cotton-weft good? were 
.so processed.* 

The art of printing fabrics i? an ofi’shoot of block printijig on paper 
developed in the early centuries of the Chri.*5tian ora in China and intro- 
duced by tlic Arabs iiito Egypt, India, Spain, and Italy. It is a part of 
the S'iory of papennaking. Paper and block ))rinting ap])eaicd in the 
Samarkand in 75^; the con.^en^atisin of the Alohammcdnn. however, did 
not encourage the use of block printing in the art of bookmaking, btit 
diverted thi^ technic to the printing of textiles, particularly cottons, for 
decorative pm poses. Doctor Carter, in his History of Prinimg and 
Paper, mentions the fact that the jioorcr ^^lohammcdans in Egypt printed 
certain versos of the Koran on paper for charms and amulets, but the 
great use of the device of block printing grew up in connection with the 
cotton prints of India. 

Printed cottons aie mentioned by Rcifstal as occurring in Egypt during 
Roman timc'^, although he docs not mention any .specific specimen as .still 
existing in a museum. 

Paper, which is of Chinese origin, reached Europe througli Italy in the 
thirteenth centur}’'; it reached Spain a century earlier because of licr AIo- 
hamtnedan contacts. Direct printing with pigment colors and designs 
outlined in ink from blocks was known in Europe in the tliirtecntli and 
fourteenth centuries, and perhaps even earlier in some of the monasteries. 

Cennino Cennini (born in 1372) describes the technic of block printing 
in Italy; but her printing can in no wise be compared with the Indian 
printing, particularly in the technic of dyes and the use of resistant tech- 
nic and mordants.^ 


English Textile Labor 

England early encouraged manufacturing. Ever since the Norman 
kings, there liad been attempts made to colonize textile populations from 
the Continent, and England's supremacy in the world's wool market was 
a constant inducement for the British Government to encourage the man- 
ufacture of fabrics at home. But only the coarser fabrics w'ere made in 
any quantity in England, and the vast majority of these were shipped 
abroad to be dyed and finished. 

Sheep raising profitable. England's freedom from internal strife, as 

^Baines, E., History of Cotton Manufacture in Great Britain, 

“Baker, G. P, Calico Printing and Painting in the East Indies in the XVIIih and 
XVIIlth Centuries. 
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compared the Continent, and the fact that she was unembarrassed 
by internal and local tariffs, made sheep raising a comparatively profit- 
able venture and thus brought her in contact with the great textile indus- 
tries of Flanders and Italy. But there is little to prove that she had 
made much progress in anything beyond the ruder textile arts, up to and 
including the seventeenth ccntu^>^ The Black Death, which is supposed 
to have killed from one third to one half the population of England, had 
a powerful influence in increasing sheep raising as opposed to agriculture, 
since it was no longer possible profitably to cultivate farms with hired 
labor because of the high wages. !Man)^ estates were therefore turned 
into sheep runs. 

England’s backwardness in agriculture, as compared with the Con- 
tinent, further emphasized this situation. At the time of Elizabeth, when 
the change in agriculture began and when enclosed fields began to take 
the place of the common land, there was already the beginning of an un- 
employed — almost unemployable — ^moiety of the people, which made it a 
comparatively simple matter to begin the mercantile system of production, 
depending, as it docs, upon a surplus of labor population. 

Spinning a home industry. Spinning remained, up to the beginning 
of the great inventions, a home industrj^ as the w^ord “spinster’^ implies 
It has been estimated that it accounted for at least 25 per cent of the cash 
income of the smaller artisans and agriculturists. 

Weaving becomes a professional industry. Weaving had become, at 
least partially, a professional industr3\ Weavers bought yams inde- 
pendentl}^ made cloth, and sold it to merchants; or merchants gathered a 
number of weavers either under one roof or under one control and pam 
piece-rate wages and oumed the looms. They distributed fiber of wool, 
cotton, or flax to the spinners; gathered groups to prepare fiber and rov- 
ing; collected the yarn and brought it to tlie weavers; purchased the clothj 
had it finished by professional dyers and finishers, and redistributed it at 
wholesale and retail. In other words, the social structure of industr}^ was 
alreadj^ set and the factory system installed before the first machine was 
invented. 

Far-reaching effect of English law on labor. It remains only to ox- 
plain one law in England that preceded the invention of machiner)" 
that had a profound influence on the later social welfare of workers m 
the machine industries. 

In Elizabeth’s time, an effort was made to control the fluctuation la 
labor prices and perhaps to protect labor from exploitation. The intro- 
duction of vast quantities of silver — one of the results of the romanh^* 
Spanish Conquest — had increased the amount of silver coinage in cirentv 
tion four times by the first quarter of the seventeenth century Englnn ? 
through the wool trade and tlirough privateering, had absorbed a ff|^ 
amount of this precious metal. In consequence, the money costs of 
ing — as expressed in wheat and barley, meat, and rents — had 
England, wages had not followed in proportion, and agricultural 
was extremely restless. i 

A law, which was the predecessor of the modem dole, was then ' 
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authorizing the justices in each Quarter Session to establish a theoretical 
living vage based on (lie price of wheat and, where the wage of any indi- 
vidual chronically fell below this level, to supi)lcincnt it from the poor 
rates of each paiish. At a later date, when the dovclopnient of machinery’ 
and water power, and ultimately, of steam, drew the textile industry — 
parUoularly the cotton industry — to the midlands of England, the fact 
that ca(»h pari'^h was resjmnsiblc for its poor luid a profound, far-reaching, 
and terrible* influence on the development and exploitation of child labon 
Each parish, anxious to relieve itself ns far as possible of its poor rates, 
gladly accepted the opportunity offered by tlic rising manufacturers in the 
midhuuLs to bend them all children who were on the rates There arc 
contracts in existence in which mills agreed to take 1 idiot with every 19 
sound children. 


The Industrial Era 

Demand for fabrics. Before the dawn of tjio industrial revolution, 
tlm textile iraflcs were already well organized and highly specialized, at 
least in weaving, dyeing, and finishing. England's coaiser woolen fab- 
rics and wool stajde*^ had long been objects of Continental trade; and 
there had sprung u]) a demand for lighter fabrics, color, and design in- 
.spired by the introtiuction of Indian calicoes. This demand Imd been met 
in pait by the establishment of block-printing plants using plain Indian 
calicoes and also cotton-weft cloth with linen warps. In lfi85, the revo- 
cation of the Edict of Nantes drove to England thousands of skilled 
French textile workers, and many merchants and capitalists interested in 
the textile industr}’ Silver had increased in circulation, making possible 
the building up of capital funds for commerce and industry, and Eng- 
land's war boats had successfully established their supremacy and her 
armed merchantmen liad penetrated the seven seas in quest of spoil and 
commerce. 

At the beginning of the eighteenth century, there was a ]icriod of strong 
prosperity in England, owing to the changes in agriculture, her rapidly 
expanding oriental trade, the increase in circulation of silver from the 
Spanish colonics, and the rising wealth of her colonies, This condition 
created such a demand for fabrics that the home spinners were swamped 
with orders, and weavers were forced to pay a premium for yarn. 

John Kay’s fly shuttle. Just at this time, in 1733, occurred the first 
great invention — John Kay’s fly shuttle (see Figure 5) — that increased 
the productivity of the loom and still further increased the demand for 
spinning. John Ka}^ of Buiy, was a weaver of broadcloths — that is, 
cloths so wide that a man could not throw the shuttle between the sheds 
of the warp without hel]:). In making this type of cloth, a weaver had to 
have one assistant, and sometimes two, to cast and catch the shuttle. 
Kay’s invention consisted of two blocks of wood and leather, connected 
with cords to a handle convenient to the weaver’s hand and moving on 
fixed rods, which made it possible for a weaver — as an incident to opening 
and closing the warp sheds and driving home the reed — to propel the 
shuttle between the open sheds of the warps. 
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bruslics, is intended to place the cotton fibers parallel to each other and 
ready for spinning. 

During the next 20 years, there were undoubtedly many experimental 
improvements and modifications of these original inventions, many of 
which have disappeared. Jedidiah Strutt ^s invention of the derby-rib 
appliance for stocking weaving, in 1752, which diminished to a certain ex- 
tent the companion industry of home knitting and which still further 
reduced the cash income of the small independent farmers and increased 
the growing unemployment is also of significance. But the greatest 
change was further to accentuate industrial organization and still further 
to prepare home workers for factory production. 

The first spinning jenny. In 1764, James Hargreaves produced his 
first spinning jenny (sec Figure 6) . This device made it possible to spin 



Fig 6 Spinning jenny invented by James Hargi eaves in 1764 


coarse cotton yarns, weak in structure but suitable for weft yarns. It 
originally contained 8 spindles. Very soon, this machine was raised, first 
to 16 and then to 32 spindles. It was the first multiple-filament device 
that completely finished a yarn from a roving without the use of the 
! spinning wheel. 

Richard Arkwright. Richard Arkwright was the most unusual, yei 
, the most modern, man in this entire group. He was not an inventor but 
. a barber by trade, and was an itinerant dealer in human hair, used by 
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wigmakers. He seems to have been lacking in any degree of technical or 
general education that might have qualified him for the distinguished 
place he occupies in economic and mechanical histor}\ England, at that 
time, was in a ferment of speculation in inventions, and Arkwright had a 
shrewd native sense for new ideas and an ability to appropriate them 
when they arose. Capitalists were reaching for new devices and systems 
of production; while the laborers, beginning to feel the pinch of economic 
pressure, violently opposed all types of machines to the extent of rioting, 
of physical punishment in the case of inventors involved, and of smashing 
machines. There is uncertainty regarding the initial stages and develop- 
ments of many of the early recognized inventions, a condition which for 
ns further adds to this confusion. 

Our modem machine age had its beginning in an obscurity overshad- 
owed by political agitation and change and in vast militar}^ and naval 
operations. This explanation accounts for the lack of adequate literary 
records. 

Arkwright, in going from place to place in his trade of itinerant barber, 



Courtesy Chadzvtck Museum 

Fig. 7. The original model of Arkwright's water frame. 


heard much of these inventions. He spent much time improving the ca 
and spinning machines, combining the principles of Hargreaves’ ! 
jenny and Wyatt’s rollers, and adding to these the flier from the 
wick wheel (da Vinci’s invention) . In 1768, he applied horse ^ j 
this composite machine; and in 1769, he applied for and received a pa 
for the water frame (see Figure 7) . , 

Arkwright seems to have been the first man to conceive the idea o 
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ranging all of these inventions in serial production, applying the prin- 
ciples of rollers and fliers and cards to the preliminary processes of fiber 
preparation and spinning, and conducting the operations from the fiber to 
the finished yarn by machineiy, driven by water power. 

In 1771, he constructed his first mill at Cromford; but he was not im- 
mediately commercially successful. He was a pushing, striving, unscru- 
pulous businessman, and aroused the antagonism and jealousy of his asso- 
ciates, who refused to buy his yarn but did not hesitate to steal his ideas. 
His systems and machines are notable for the fact that they made it pos- 
sible to produce, for the first time, an all-cotton fabric in England. 

Mention has been made of laws passed in England that protected the 
silk and woolen industries by prohibiting the importation of Indian cotton 
printed goods The first law w^as passed in 1700. As early as 1696, 
calico printing from carved wooden blocks, and later from etched copper 
plates, had been introduced into England; and in 1712, in answer to a 
petition of the woolen and worsted manufacturers, an act prohibiting the 
use of all printed goods, even those produced in England, was passed. 
This act was further strengthened in 1721 by imposing a fine of 5 pounds 
on the wearer and 20 pounds on the vender of printed goods. This action 
was vigorously opposed by the British manufacturers of calico. They 
had first printed all-cotton goods sent from India and then made goods 
with a cotton weft and a linen warp of British manufacture. In 1730, an 
act of Parliament was passed allowing goods with a linen warp and a cot- 
ton weft to be printed but assessing them an excise duty of sixpence per 
square yard In other words, within less than half a century of the real 
beginning of the modern cotton industry, Parliament had placed upon 
even half-cotton printed goods of British origin a nuisance tax.® 

Arkwright, after the development of his mill in Cromford, had formed 
a partnership with Jedidiah Strutt, inventor of the derby-rib appliance 
for stocking rib. Jedidiah Strutt used the first yarns manufactured by 
ArkwrighPs mill at Cromford in his stocking-making plant, and furnished 
the capital and the market to make possible ArkwrighPs economic life. 
It is estimated that at least $60,000 in capital was expended in Ark- 
wright’s venture before it became successful; but before he could make a 
commercial success, an appeal had to be made to Parliament to permit the 
manufacture, printing, and sale of all-cotton goods made in England, with 
an excise duty of threepence per square yard. In 1774, such a law was 
passed — ^the 14th George III, c.72 

The date 1774, therefore, marks the real beginning of the modern cot- 
ton industry in Great Britain. It marks, as well, the beginning of all 
modern systems of mass production through serial mechanical operations 
and the division of labor; and Richard Arkwright was the first titular 
saint of modern “big business” — the Henry Ford of his age. 

Samuel Crompton (1753 to 1827). Samuel Crompton, one of the 
few inspired mechanical geniuses of this or any age, was a weaver of 

* See Baker, op cit 

’Baine, op. cU , p 16S ^^All of A^k^^^ght^s patents weie denied by the British 
Courts in 1785 /bid, p. 192. 
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respectable character living in the most moderate circumstances in Hall- 
in-the-Wood, near Bolton. Originally (1440) , this had been a beautiful 
manor house; but in Crompton’s time, it had fallen upon evil days and 
had become a tenement house. Through the generositj’' of Lord Lever- 
hulme (creator of Lux), “Hall-i’-th’-Wood” — to give it its Lancastrian 
name — ^has been turned into a memorial museum to this tragic genius. 
His machine, the mule, which made possible the spinning of fine cotton 
threads used in the manufacture of the lighter-weight muslins, is pre- 
served in the British Museum. With obvious modifications and enlarge- 
ments and improvements, the machine today remains the same as it left 
the hands of this inventor. 


Unlike Arkinright, Crompton was not a businessman ; nor does he seem 
to have had any realization of the economic and commercial significance 
of his invention. He is supposed to have invented the machine that it 
might give leisure and competence to labor. It was stolen from him; and 
his sole reward for the idea that brought untold millions in wealth to 
England was 5,000 pounds, granted by Parliament, which he subsequently 
lost in an attempt to improve the methods of bleaching. 

Crompton died in 1827, a disillusioned and broken old man. At that 
time, 6,000,000 spindles, driven by steam, were in operation on the me* 
chine he had invented. 

Thomas Bell’s invention of cylinder printing. In this list of m* 
ventors, the Swiss chemist Scheele, who first isolated chlorine for bleacli- 


ing, is worthy of recognition. But of more importance to the economic 
evolution of the English cottpn business was Thomas Bell's invention of 
cylinder printing in 1785, in Glasgow'. Printing from wooden blocks, 
borrowed from Asia, had been established in England as early as lo96, 
and on the Continent in the twelfth and thirteenth centuries. Before 
Thomas Bell’s invention, block printing had been an important and wtal 
craft, requiring long training and great skill. Some indication of wha 
was happening to the labor situation in England may be gathered fm® 
the fact that, as soon as Bell’s invention was understood and accepte , 
establishments w'ere fovmded in which two journeymen had 56 apprentices 
working for them. In other w’ords the printing of fabrics, like spinning- , 
owing to mechanical invention, could then be performed by "women an 


children — ^particularly children — as easily as by skilled workmen. 

Exploitation of children. The fact has been mentioned that clu' 
dren from workliouses in the different parishes of England were sent to 
Manchester to live in barracks and to work in the cotton mills, and 6® 
every' parish was anxious to get rid of its own poor without, perhaps, 
much regard to what happened to them in their new environment. ^ g 
is adequate authority for saying that children as young as 4, 
years of age were set to certain of the preliminary tasks in the 
of yarns, and in the printing business. They lived in barracks in eou^ 
centers, under conditions too dreadful for description, and worked 
13 to 15 hours a day. As early as 1802, Sir Robert Peel, one of the 
successful manufacturers of printed cotton goods, took the matter up 
forc Parliament in an effort to have laws passed protecting appmnb' -• 
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The Act insists that the interior of the mills should be whitewashed 
twice a year, and that they should be properly ventilated; it enacts that 
the apprentices shall be provided with proper clothing by their masters: 
it forbids work for more than twelve hours, and prohibits night work — 
with a temporary exception for large mills; it provides that the appren- 
tices shall receive elementary education and religious instruction, and 
la^^s do^vn rules as to their sleeping accommodation. 

This law was almost inoperative and led owners to engage children to 
work without agreeing on a formal apprenticeship, and there wms no ade- 
quate inspection or social machinery to enforce it. How^ever, a notable 
exception to this indifference may be cited. In 1801, ]\Ir, Justice Grose, 
in a w’^orthy but unusual act, sentenced a man named Jourvaux to 12 
months hard labor for ill-treating his apprentices. 

In 1816, Sir Robert Peel seems to have thought that the law had bene- 
ficial effects at the time it was passed, but it is difficult to believe that the 
act caused any considerable change in the mills. Even when the parish 
authorities were moved to interfere, no obvious improvement resulted.® 

It was not until the reformed Parliament of 1834 that any adequate 
law was passed protecting labor, even that of children, in English cotton 
mills. Many of the delusions of today regarding low^ wages and long 
hours of employment in the cotton industry may be traced to the survival 
of traditions of the early nineteenth centuiy ; and for this reason, a care- 
ful economic analysis of this period is desirable. 

Cotton conditions (1790 to 1800). By the last decade of the eight- 
eenth century, cotton preparation and spinning had been reduced to 
mechanical systems from which few^ changes separate them from our mod- 
ern mechanical principles. Cylinder printing had been invented, making 
possible the continuous process of printing and also the large employment 
of children and unskilled help at low w^ages. These machines were driven 
by water power and later by steam power. Consequently, there was now 
a surplus of yarn over and above possible consumption by hand-loom 
weavers; and for a time, the professional weavers w^ere supplied with 
steady work at high wages. But this condition lasted only for a short 
time. 

The yarn manufacturers exported yarn to the Continent, thus destroy- 
ing the market for English cloths and establishing great numbers of 
former agricultural labor as piecework weavers at low rates of earnings. 
The effect of this colonization of cheap, unskilled labor was later to be 
duplicated by importing foreign labor into New England and bringing 
mountain labor to Southern mills in our own generation. The result was 
almost social chaos. At one time, cotton weavers received only 5 shillings 
a week, when other mechanical labor earned as high as 20 or 30 shillings. 

It has ansen in this way, that people having very little or no capital, 
have been induced to begin by the prospects held out to them, perhaps 
by people in London, and when they have got the goods into the market, 

“For conditions m child labor during this period see Brown, John, Memoir of 
Jiobert Blincoe; Cunningham, W. A, Growth of Enghsh Industry and Commerce 
(New York: The Macmillan Company); and Toynbee, Arnold, The Industrial Revo- 
lution (New York: Longmans, Green and Company, 1908). 
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they have been obliged to sell them for less than they cost, or vrithout 
regard to the first cost, and this has injured the regular trade more than 
an}*thmg else. I think, . . . when the regular Manufacturer finds that 
he cannot sell the goods at the price they cost, he is compelled to lower 
his wages . . . Perhaps three, four or five (of the new persons) may be 
insolvent ever}’ year in the neighbourhood (of Bolton), and when they 
come to be examined before their Creditors, it turns out the cause of 
their Insolvency is, the goods being sold for less than they cost. (Mn 
Ainsworth’s endence, “Reports, etc., Joumejunen Cotton Weavers," 
180S, 11, p. 102.) See also the “Report on Manufactures, Commerce, 
etc.," in 1833. “Trade at present requires industry, economy and skill. 
During the war, profits were made by plunges, by speculation." 
“Reports," 1833, vi. 27, printed p. 23,® 

The age of the power loom. Reverend Edmund Cartwright, in 1785, 
had patented a power loom, correct in principle but lacking in mechanical 
perfection. 

Long before this time, a Frenchman, a mysterious Monsieur de Gennes, 
had experimented with the idea of a power loom; and this experiment was 
described in the Philosophical Transactions of the Royal Society of Eng- 
landj in 1687, as “a new engine to make linen cloth without the help of an 
artificer," It is doubtful, however, if the Reverend Cartwright had seen 
a draft of this machine, although he ma}^ have knoum of the invention, 
being a man of scholarl}’' mind and possibly farniliar with the Transac- 
tions of the Royal Society, In Baines^ History of Cotton Manufacture 
appears a quotation from these Transactions: 

The advantages of this machine are these: — 1, That one mill alone 
will set ten or twelve of these looms at work. 2. The cloth may be 
made of ivhat breadth yon please, or at least much broader than any 
which has been hitherto made, 3. There will be fewer knots in tko 
cloth, since the threads will not break so fast as in other looms, becaiFc 
the shuttle that breaks the greater part can never touch tbem.^ In 
short, the work will be carried on quicker and at less expense, since, 
instead of several workmen, which are required in making of very large 
cloths, one boy will serre to tie the threads of several looms as fast as 
they break, and to order the quills in the shuttle. 

From these observations, the author has acquired a very^ high respc<^^ 
for Monsieur de Gennes’ vision; for today, powder looms are in operation 
w’here 1 w’eaver of certain types of cloths, wdth a single assistant, takes 
care of 100 looms, wdth an average pick of 160 per loom per minute. 

In 1790, ^lessTs. Grimshaw, of Gorton, under license from Doctor Cn * 
Wright, erected a w’eaving factory^ at Knott Mills, Ivlanchester, 
tempted to improve on the power loom. This experiment was a co^ - 
failure. In 1794, a power loom was invented b\’ Bell, of Glasgovr, 
was likewise abandoned. In 1796, Jsir, Robert Ivlillar, of Glasgow', 
out a patent for a machine of „this nature, w’hich a spirited indhddunJ. - ^ 
John J^Ionteith, adopted in 1801, fitting up a small mill at 
Glasgow’, with several looms. It was several years before this basin 
made a profit. 

The original CartwTight loom (1785) was not successful, but n nio 


•Cuoningbam, ep, ciL, p. 633. 
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fication of it, perfected by Horrocks in 1803 in connection with a machine 
for 'klressing with starch the warps/' invented by Johnston and Radcliffc 
in 1804, marked the real beginning of power-loom weaving. In hand- 
loom weaving, no dressing was required for the warps; but in the vigorous 
action of the early power loom, some treatment of the warps was neces- 
sary to permit them to run through the heddles — ^that is, the devices that 
opened them into alternate sheds for weaving. 

Horrock's loom came into almost immediate general use, but Horrocks 
himself shared the fate of many inventors — failure and sinking into pov- 
erty. But the use of the power loom and the dressing machines spread 
rapidlj’’ through textile England, and, by 1813, there were 2,400 power 
looms in use and about 100 dressing machines. These machines were the 
occasion of vigorous machine-breaking riots that sprang up in England 
during the War of 1812. 

R. A. Slaney, Esquire, hl.P., stated in the House of Commons on May 
13, 1830, that tliere were in Great Britain 14,150 power looms in 1820 
and 55,500 in 1829 By 1833, there were a total of 100,000 power looms 
in that country. 

It is estimated by the same authority that there were 240,000 hand 
looms in England at the same time. These hands looms were then and 
later used for the manufacture of fine goods and goods containing woven 
designs. Hand looms are still in general use in France for the production 
of style fabrics 

Let us examine, for a moment, the influence of these inventions on 
the importation of cotton: 

According to the Board of Trade, England imported 1,976,359 pounds 
of cotton lint m 1697; hy 1764 — which date includes the inventions of 
Kay, Wyatt, Paul, and Hargreaves — 3,870,392 pounds of cotton lint were 
imported. In the meantime, the value of exported cotton goods, or rather 
goods containing cotton, rose from 5,915 pounds sterling in 1697 to 200,- 
354 pounds sterling in 1764. (It should be remembered that no ‘^all- 
cotton” goods were made in England before 1771.) 

Baines gives, as an average of importation for cotton lint from 1771 to 
1775, 4,764,589 pounds. By 1780, the total had risen to 6,766,613 pounds; 
and by 1790, to 31,447,605 pounds. Ten years later, in 1800, it had 
reached 56,010,732. Here begins the great reexportation of cotton lint 
from England, for, in this year, 5,406,501 pounds were exported from 
England. 

In 1810, after the power loom had become generally accepted, the 
import total had risen to 132,486,935 pounds for domestic consumption, 
and 8,787,109 pounds were being reexported from England. By 1833, 
the figures had risen to 303,656,837 pounds in imports, and 17,363,882 
pounds in exports.^® 

It is estimated by Baines that, in 1830, 1,000,000 pounds sterling a 
year was paid in wages to the calico printers The wages varied from 
10 shillings to 12 shillings and threepence per week. At this time, it was 


^^For percentages, see Baines’ tables. 
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estimated that the number of hands working in British cotton factories 


were as follows: 

Weaving and Spinning Factories , , 237,000 

Hand-Loom Weaving 250,000 

Lacemaking and Embroidery 159,000 

Hosierj’^ , . . . 33,000 

Calico Printing . ... 45,000 


—a total of 724,000 people, in addition to which there were bleachers and 
dyers, calenderers, cutters, sizers, winders, drawboys, and so forth. 

The actual value of cotton production in 1930 was somewhere between 
24,000,000 and 34,000,000 pounds sterling. 

The United States and Cotton 

Early history of textiles in the United States. In the early his- 
tory of the 13 original colonies, there is nothing to indicate the slightest 
interest in cotton as an economic factor. As a matter of fact, tobacco 
was of infinitely greater importance; and the British Government, in its 
anxiety to produce raw material in the colonies for the home manufac- 
turers, encouraged the culture of silk in Virginia with bounties of tobacco. 
Some small amount of home-grovTi and reeled silk resulted from this 
subsidy. There is a tradition, founded on uncertain evidence, that 
Martha Washington's inaugural dress, which is at present in tlie Smith- 
sonian Institute in AVashington, was made from native A^irginia silk and 
painted in patterns of native wildflowers. 

The vast activity in cotton in tlie eighteenth century in England did 
not fail to be of interest to the youthful republic of the West. At first; 
this interest was distributed about equally between the South, the North, 
and the East. Philosopliical societies offered rewards to anyone who 
could produce machines for the manufacture of yams. 

As early as March 4, in the significant year of 1775, in Chowan County, 
North Carolina, a Committee of Safety issued this resolution: 

The Committee met at the house of Captain James Sumner, and the 
gentlemen appointed at a former meeting of directors to promote sub- 
scriptions for the encouragement of manufactures, informed tlie com- 
mittee that the sum of eighty pounds sterling was subscribed by the 
inhabitants of this country for that laudable purpose. 

In his diary, George Washington mentions a visit made in 1789 to 
Beverly, Massachusetts, where he saw with great interest a small mm 
where several cotton threads were spun at a single operation, tmder the 
direction of a Mr. Cabot — a name not unfamiliar in later cotton histoO’’- 
This venture seems not to have prospered. More than merelj’' machm® 
designs and drawings were apparently necessary for success. There is 
perhaps some basis for the legend that a spinning jenny was in operation 
in Philadelphia before this time. 

And in 1790, from Stateburg, North Carolina, an interesting note bore 
this information: 
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A gentleman of great mechanical knowledge and instructed in most 
of the branches of cotton manufacture m Eurojie, has already fixed, 
completed and now at woik on the high lulls of the Santee, near State- 
burg, and which go by water, ginning, carding and slubbing machines, 
wdth eighty-four spindles each, and several other useful implements, 
for manufacturing every necessary article in cotton 

Samuel Slater. In 1790, there landed in America an English textile 
mechanic, Samuel Slater, trained in the school of Arkwright and imbued 
with the success of that unusual man. He started operations in the old 



Fig 8 The old Samuel Slater spinning frame, originally operated in Pawtucket, 
Uhode Island, 1790 


fulling mill of Ezekiel Carpenter's clothing shop, on the east bank of the 
Blackstonc River, on the southeast abutment of Pawtucket Bridge. His 
equipment consisted of 3 cards and 2 spinning frames built entirely from 
memory. One of these cards and one of the spinning frames, containing 
48 spindles, are now" in the National Museum in Washington (see Fig- 
ure 8) . 

The entire business wms carried on by Samuel Slater and 9 assistants, 
nearly all of them young children. Early in 1793, Slater, wdfli 2 partners, 
Obadiah Brown and William Almy, built a new" factory, especially de- 
signed for the cotton business. This mill had 3 cards, 2 spinning frames, 
and a total of 72 spindles, and w’as set in operation on July 12, 1793. 
This was the first English-type cotton-spinning mill on the American 
continent and foliow"ed the Arkwright system. The old Slater mill still 
stands in Pawtucket. It has been turned into an interesting type of 
textile museum; that is, it is a museum without any exliibits as yet, but 
with gieat hopes for the future 

In 1798, Mr. Slater formed a partnership w"ith his father-in-law, Oziel 
Wilkinson, and with William Wilkinson and Timothy Gieene, and to- 
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gethcr they founded the firm of Sanuicl Slater and Company. Slater was 
superintendent of both mills and received from each mill SI .50 a day for 
bis services, or $3.00 a day from both mills. He was a hard-working 
man, and he claims to ha\ e labored IG houvi> a day for 20 years. 

John Slater, a brother of Samuel Slater, arrived from England in 1803, 
bringing with liim a knowledge of Cromptons spinning mule t.^co Figure 
9). In 1805. a new enterprise was planned, Almy, Browm. and the two 



CourS^sy Chudtilck Uitsmri 


Fig. 0. Spinning imile invented by Sainuei Crom])ton, 1770. 

Slaters each taking a fourth interest; and. during 1806, the erection ot 
a mill w’ns begun in the northern part of Rliode Island, on the south 
branch of the Biackstone River. This was the beginning of Slatcrsrilk^ 
John Slater eventually bought out all the other partners, and the 
and village were passed on to his grandson, John W. Slater. 

In ISli, in company with a young man named Bela Tiffany, uho 
had been in his employ a number of years, Samud Slater started a cot- 
ton factory at Oxford, ^Massachusetts, and part of which village is 
known as Webster, about 35 miles northwest from Providence, Rhode 
Island. An excellent w’ater power was furnished by the French River 
and several ponds. At first, the business vras conducted under the 
of Slater &: Tiffany, but it soon came wholly into the possession oi 
Samuel Slater, and ultimately was carried on in the name of Samuel 
Slater & Sons. The property in 1817 consisted of one cotton factory ot 
2,000 spindles, a w’ooden mill, a grist and saw mill, 16 dwelling houses, 
and 700 acres of land. 

In 1S22 with Willard Sayles and Lyman Tiffany of Boston, Oliver 
Dean of Franklin, and Pitcher & Gay of Pawtucket, Slater formed s 
company, and purchased an estate consisting of a small cotton mm, 
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several tenements, and a fine water-privilege at Amoskeag Falls, on the 
Merrimack Riven This was the foundation of the well-known Amos- 
keag Mninufacturing Co., and the real beginning of the great manufac- 
turing city of Manchester, New Hampshire. 

The War of 1812, by shutting out foreign goods, gave a great impetus 
to domestic manufacture, and as Samuel Slater had all his various enter- 
prises well under way, he was enabled to reap great advantage. Cotton 
cloth sold at 40 cents a yard, and the demand was unlimited. Besides 
the interests which he possessed in the mills already mentioned, he 
invested capital in w^oolen and iron manufacture, and other lines of 
business. 

According to a memorial presented to the United States Congress, 
there were reported to be at the close of the year 1815, 99 cotton mills 
in Rhode Island, with 75,678 spindles; in Massachusetts, 57 mills, with 
45,650 spindles; and in Connecticut, 14 mills with 12,886 spindles; 
making a total of 170 mills operating 134,214 spindles. The average 
capacity of cotton mills at that time was only 600 spindles. The 'Old 
Slater Mill’ at Pawtucket up to this time the largest in the country, 
contained 5,170 spindles.^i 

It only remains to add one paragraph to the history of the famous 
Slater mill: 

Where they run for about twenty months, and overstock the domestic 
goods market, several thousand pounds of yam having accumulated in 
that time, notwithstanding the most active exertion on the part of the 
proprietors to dispose of the product, both in yarn and in cloth, woven 
by hand 

So at this early period of our industry we alrehdy were enjoying the vi- 
carious satisfactions of the condition knowm as “overproduction,” the 
result of making a product for an assumed market and of not planning 
in advance how to dispose of it. 

Up to a few years ago, in Slatersville, Rhode Island, the original build- 
ing of 1806 still stood. Even today, one of the buildings built in 1826 is 
used as a warehouse and is a part of the Slatersville Finishing Plant, 
owmed by the H. P. Kendall Company. 

First power loom and warp-dressing machine. In 1811, Francis C. 
Lowell, of Boston, on a visit to Edinburgh, became very much interested 
in the powder-loom industry of that city and determined to visit Man- 
chester, England, to see if it were possible for him to obtain any informa- 
tion on this subject. The delicacy and the difficulty of Mr. LowdelPs 
position will be appreciated by the knowledge that, at the time, it was a 
criminal offense to export from England either models of machinery, 
parts of machinery, or w^orking drawings of machinery. However, he 
seems to have overcome these difficulties and such prides of conscience 
as may have disturbed him. He returned to Boston in 1813 and, wdth 
the assistance of a Patrick T. Jackson and Nathan Appleton, purchased 
a water-power site in Waltham, Massachusetts, obtained an act of in- 
corporation, and began the manufacture of cotton goods by power looms 
in America. 

”Lewton, Frederick L, Samuel Slater and the Oldest Cotton Machinery in Amer- 
ica, Smithsonian Report for 1926. 
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The null ttes capitalized at §400,000; just hovr much of the capital 
was paid in is difficult to determine at this late date. That so large a 
capital was authorized indicates the hope of financial profit rather than 
of industrial expectation. But one loom, at least, was in operation in the 
autumn of 1814. Mr. LowelPs loom differed in certain respects from the 
English loom. Like much later American machinery, the problem of 
skilled labor was important, and the machines had to be adjusted to the 
limited environmental technology. The dressing of the warp was also a 
difficult matter; and in the pamphlet describing this interesting process, 
Nathan Appleton seems to have confused Horrocks, inventor of the power 
loom, with Johnson and Radcliffe, inventors of the dressing machine. At 
any rate, this confusion of mind did not prevent Air, Lowell from getting 
a drawing of this vital English machine and producing a satisfactory 
duplicate. 

First domestic cloth — demand and construction. At the time the 
Waltham Company first began to produce cloth, there was but one place 
in Boston where domestic cloth was sold. This was a shop in Comhill 


kept by Isaac Bowers, or rather by Mrs. Bowers. As but one loom was 
operating, the quantity accumulating was not xcry great. However 
there was great difficulty in selling even this limited production. Afe 
Bowers was quoted as having said that everybody praised the goods ano 
made no objection to the price, but still she made no sales. A parcel of 


these goods was next sent to the store of B. C. Ward and Company. 

The construction of this cloth may be of interest. It contained H 
warp ends and 44 weft picks to the square inch. The yarn was Number 
14 — ^that is, 1 pound contained 14 hanks of 840 yards each, and each 
yard weighed approximately one third of a pound. That this type oi 
cloth was well suited to public demand was a matter of accident, am 
it was sold unbleached. The finer cotton goods in this countr}^ at tin? 
time were supplied from India, a by-product of our packet-ship tranc 
in tea and spices wdth the Orient. The first considerable sale 
domestic goods w'as made at auction at over 30 cents a yard. B. C. n ar 
and Company were appointed permanent selling agents, and they chargr^ 

1 per cent commission for selling. The commission form of selling 


at this time. 

The tariff of 1816. In 1816, a new tariff was made. The 
Island manufacturers were clamorous for a very high specific duty. 
feeling was largely due to the fact that they did not as yet have 
loom. Air, Lowell was at Washington for a considerable time during f 
session of Congress. His view on the tariff was much more 
than that of Rhode Island manufacturers; and he finally brough * 
Lowndes and Air. Callioun to support t!m minimum of 614 
square yard, which rate was adopted. 

Competition from abroad. During the same year, there was a 
in the cotton business of Rhode Island, owing "to the flooding 
markets with English cottons. For the first time, our home Wcav^’J^ ^ 
the full impact of fabrics woven on power looms in England. 
spindles that were running were a few in tlic old Slater Alill, 
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were making yarn for hand looms. Profits in the War of 1812 had been 
so great that manufacturers had been satisfied with their equipment, and 
no improvements had been made in machinery, Mr. Lowell assured 
them that the introduction of the power loom would put a new face upon 
manufacture and enable them to meet English competition. He next 
proceeded to Providence and returned by way of Taunton, where a verti- 
cal power loom was discovered, which did not seem to promise much 
success. 

Mr, Lowell is given credit for being the first American manufacturer 
who entirely processed cotton, from lint to cloth, under one roof. 

Labor in early cotton mills. The first labor in the cotton mills came 
from the farms of New England and from those portions of the female 
population whose husbands and fathers were engaged in marine ventures 
of one kind or another. The introduction of machine spinning and card- 
ing had made home manufacturing unprofitable and had thus created a 
surplus of female labor. 

In Nathan Appleton^s pamphlet, The Introductwn of the Power Loom, 
and the Origin of Lowell, 1858, mention is made of boarding houses estab- 
lished by the company, ^^under the charge of respectable women, with 
every provision for religious worship and care of the morals of the 
workers.” Lowell and others had been strongly impressed by the shame- 
ful conditions in England, but attributed them, not to their true economic 
causes, but to the lack of morals among the workers. They attempted 
to protect American workers from moral dangers incident upon machine 
production without much interest in the underlying evils of low wages and 
long hours. 

This pamphlet contains, among other interesting matter, a scale of 
prices for the fabrics mentioned: 


Year 

Cents Per Yard 

1816 

30 

1819 

21 

1826 

13 

1829 

8H 

1843. 

eVi 

Power. Textile production, up to the end of the eighteenth century, 
was almost entirely a matter of hand and foot power. The introduction 


of fulling mills and dye plants began the use of water power with overshot 
and undershot water wheels, and perhaps wind mills, in Italy, Flanders, 
and England as early as the thirteenth century. The next step was water 
power, applied in the eighteenth century to the spinning and carding 
; machines of England. The partial abandonment of water power in favor 
of the Watt steam engine, and the modern phase, beginning with Fournej’’- 
ron^s invention of the turbine in 1832, have now led to the power plants, 
i distributing electric power from a central location to the modernly 
I equipped mills, where each machine has its individual motor,^- 

” Usher, op, ctL, Ch. XXVm. 
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Botanical features of United States cotton. Certain botanical fea- 
tures of our cottons have had a direct influence on mechanical develop- 
ment and the early geographical distribution of the cotton industry in 
the United States. 

The cotton plant was not native to our present cotton states, except in 
those areas more recently developed in the Southwest. It is supposed 
to have been introduced by the Spaniards in their (then) province of 
Georgia early in the sixteenth century. Little attention was paid to the 
type of seeds planted; and since cotton is very sensitive to cross-polleniza- 
tion, this lack of botanical Icnowledge resulted in a hybrid type of cotton. 

Our cotton type developed a characteristic which must have excluded 
us from w^orld cotton commerce, except for an American invention of 
unusual merit — ^the T^Hiitney cotton gin. 

The ancient cottons of India, those of Brazil and the islands of the 
Caribbean Sea, and the modem cottons of Egypt have a smooth seed, to 
which the lint is but lightly attached. In India, a simple device of two 
smooth wooden rollers, known as the '^Churka,'^ is sufficient gently to 
separate the lint from the seed. The Churka is as much a part of 
Gandhi’s mechanical equipment as the spinning wheel. This machioc 
has today a logical evolution in the roller gins used in all fine cotton 
ginning. 

The bulk of our cotton crop in the eighteenth century, as today, botani- 
cally belonged in the group of hairy seeded cotton [genus Ja 

wffiich the lint clings too firmly to the seed to be separated by the gentle 
action of rollers. Cotton w’as grown for domestic uses only on our coIO' 
nial plantations after the Revolution, and there is some record that, a 
one time, its cultivation spread as far north as southern Pennsylvania 
But it was only used in hand crafts upon the plantations, since the seeds 
had to be extracted by hand; and even with slave labor, this was a com- 
paratively expensive operation. , 

Cotton from the 13 colonies was of no apparent interest to Englan , 
because her greatest demand did not arise until after the events leading 
up to the Revolution were well under way and because of the charac e 
of the seeds. 

It is estimated that, as late as 1791 (when England was 
advanced in the production of cotton yarns and fabrics by 
means — even after the beginning of the application of steam to cotto ^ 
machinery was well under w^ay and the first mechanical 
had been founded in Rhode Island— the United States produced 2,0U r 
000 pounds of lint, of which only 200,000 pounds went to Engla^*^- 
remainder seems to have been used for domestic purposes, spun on 
Brunswick spinning wdieel and woven on hand looms. It was an e - 
matter to raise the cotton plant in the fields of the South; but at t ^ 
time, it could not be deseeded at a cost to compete with the raw co 
from the West Indies, Brazil, and India, which England was then 
in increasing quantities. The Southern planters were by no means m 
ferent to this situation and looked with interest on England’s ^ 
demand for cotton. They recognized its importance as a mone} 
equal to or greater than indigo or tobacco. 


already 

mechanical 
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Invention of the cotton gin — Eli Whitney. At about this time, Eli 
Wliitney, a graduate of Yale, with perhaps as good an engineering train- 
ing as the tunes and location provided, and evidently of a mechanical 
bent, accepted a position as manager of a large estate in Georgia owned 
by Mrs. Nathaniel Green, widow of the brilliant Revolutionary general. 
Whitney heard the planters of the South discuss the possibilities of the 
cotton trade and the difficulties in regard to the American hairy-seeded 
cotton. In 1793, he perfected the cotton gin (see Figure 10) wffiich still 



Fig. 10. Eh Whitney’s cotton gin, invented in 1793 


bears his name and whose principle is employed in over 30,000 cotton 
gins, scattered throughout the cotton states of the United States and the 
world. Wiitney cotton gins prepare over 98 per cent of our crop for 
market. 

His brilliant idea consisted of a box in which the cotton boll, containing 
the seeds was placed. Through the floor of this receptacle were metal- 
covered slits, through which circular saws revolved. These slits were 
too narrow to admit of the passage of the seeds, but the lint w’as stripped 
from the seeds and eventually cleaned off the teeth of the saw with a re- 
volving brush. 

The invention was stolen from Whitney in the first week of its exist- 
ence, ana ne never received any financial benefit from it. Subsequently, 
he became a rich man from the profits of a venture in the manufacture of 
firearms, to which he applied the principle of division of labor and 






216 


THE TEXTILE INDUSTRY FROM PREHISTORIC TIMES TO 1930 


mechanical processes — ^iDroving not alone his technical versatility but also 
that he had a clear comprehension of the economic principles involved in 
the evolution of machinery. 

Marked increase in cotton consumption and exports. In 1793, the 
year the cotton gin was perfected, 487,000 pounds of cotton were sent to 
England, a large proportion of it from South Carolina; in 1794, 1,601,700 
pounds; in 1795, 6,276,300 pounds; in 1796,^^ 3,788,429 pounds; in 1798, 
9,360,005; and in 1800, 17,789,800. 

A decade later, in 1811, on the eve of the war with England, 62,186,081 
pounds were exported from the Southern plantations to English ports. 

In the next two generations, domestic consumption of cotton advanced 
on a very sharp cur^^e. Just before the Civil War, in 1860, there were 
5,235,727 spindles in operation in the United States; and in 1870, 7,132- 
415. These were mostlj’- in New England. Estimated in terms of cotton 
bales of 500 pounds each, the domestic consumption of cotton lint was 
as follow^s: 


Year Bales Pounds 

1850 240,000 120 , 000,000 

1860 918,926 459 , 463,000 

1870 905,243 452 , 621,500 

In the year 1859-1860, England’s consumption of cotton in bales of 
approximately 500 pounds was as follow’s: 


Country 
United States 

Brazil. 

West Indies. . 
East Indies . . 
Egypt 


Bales of 500 Pounds 
. 2 , 522,000 
. . . . 103,000 

10,000 

. . 563,000 

. . 110,000 


Effect of the Civil War on exports. The above statistics were no 
doubt in the mind of Senator Hammond of South Carolina when he 
declared, in the Senate Chamber at Washington, in 1858, that the Nortii 
would not dare go to w^ar with the South. His words are as follows: 


Would any sane nation make war on cotton? Without firing a gun, 
without drawing a sv^ord, should they make war on us, we could bnng 
the whole world to our feet . . . What would happen if no cotton were 
furnished for three years? 

The honorable Senator lacked an economic imagination and was n® 
familiar with the histoiy- of the long wars that England had waged wi 
her wool customers in Europe. ' j 

During the Civil War, the Northern blockade practically shut Engl^i^^ 
off from American cotton; and her imports from world markets were 
follows: 


”Thc drop was due to war witli Prance and troubles in Ireland. 
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Country 

United States 

Brazil 

West Indies . . 
East Indies. . 
Egypt .... 


Bales of 
500 Pounds 

198.000 

212.000 
60,000 

1,798,000 

319,000 


Loss or Gain 
in Bales 

2.324.000 loss 

109.000 gain 

50,000 gain 

1.235.000 gain 

209.000 gain 


In other words, during the 4 ^’•ears of our Civil War, England ringed 
the world with cotton plantations. How much this change in the source 
of supply of cotton cost England and England's customers may be 
vaguely estimated by the following statistics: 

In 1859-1860, the average price of cotton ranged between 10%^ and 
11% cents a pound. By 1865, just before Lee's surrender, the price had 
risen to $1.82 a pound; and, on rumors of peace, it fell to 43 cents a 
pound. In these calculations it must be remembered, however, that 
there was a serious inflation of currency in the United States, 

Manufacturing in New England. To return to the development of 
imrtufaciuYmg m New Mto t\\^ successful developmcut of 

Slater's Mills, in Bhode Island, and Lowell's weaving mill, in Waltham, 
Massachusetts, there followed a generation of mill incorporations inspired 
by our expanding frontiers and our Oriental trade. In November, 1824, 
the IMassachusetts Legislature set off a portion of Chelmsford as a sepa- 
rate township; this township was incorporated in 1826 as the city of 
Lowell, and a company was formed to manufacture cotton goods and to 
control water power The Great Falls Manufacturing Company was 
organized in 1823; Amoskeag Manufacturing Company, in 1831; Laconia 
Mills 111 Biddeford, Maine, in 1845; Pepperill Manufacturing Company, 
in 1850; and Pacific Mills in Lawrence, Massachusetts, in 1854. These 
mills were mostly engaged in the manufacture of the coarser types of 
cotton goods — merchandise that was desirable for a rapidly expanding 
agricultural country and for the trade that the packets, and later the 
clipper ships, of New England enjoyed in the markets of the Orient 

Cylinder printing with power machines had baen introduced by the 
middle of the nineteenth century, as had the manufacture of coarser 
ginghams and a certain amount of bleaching, dyeing, and finishing. 

First steam-operated cotton mills at Salem. At this time, the an- 
cient seaport of Salem, Massachusetts, once famous for her witches and 
packet ships, began to see her ocean trade diminish in favor of Boston 
and New York Hence, shrewd merchants and sea captains organized 
the Naumkeag Steam Cotton Mills, the first mills in the United States 
to be operated by steam. While these mills were built in 1839, they did 
not begin to operate until 1847, They were rebuilt after the Salem fire 
of 1908 and are still in existence, manufacturing Pequot sheets and 
pillow cases. 

New Bedford — its rapid rise as a cotton manufacturing center. In 
1847, the prosperous city of New Bedford, Massachusetts, on Buzzards 
Bay. gave no indication that a time would come when the whaling in- 
dustry would diminish in profits. There were at this time 500 ships that 



218 THE TEXTILE INDUSTRY FROM PREHISTORIC TIMES TO 1930 


cleared from Buzzards Bay, But since whalers were of the masculine 
persuasion and since every ship had an average crew of between 20 and 
30 members; these conditions resulted in a large surplus population of 
available female labor; also, since there was adequate capital in the town 
and the whalers were, in many cases, traders as well as whalers, the op- 
portunity for the manufacture of cotton goods could not be resisted. 
Therefore, the Wamsutta Mill was organized in 1847, 

Since the manufacture of staple and coarser goods had already been 
preempted by the older established New England companies, ft Avas 
decided to make finer goods in New Bedford and to build up a new mar- 
ket for such products. It is rather curious, in the light of later events, 
that the man who first conceived the idea of a cotton mill in New Bedford 
should have been an employee of a cotton mill in the South, owned by 
Dwight Perry, a resident of Fairhaven, Thomas Bennet, however, was 
a former resident of New Bedford, and he was ambitious to run a mill of 
his owm. He appealed to Joseph Grinnell, a member of Congress and a 
Aveli-to-do citizen of New Bedford. Mv, Grinnell, at first strongly in" 
dined to locate the mill in the South, was easily persuaded — if rather 
against his will — ^to make the venture in his native city With the aid 
of David Whitman, a mill engineer of Rhode Island, the mill was finally 
put into operation in 1849, Avith 15,000 spindles and 200 looms. The 


capital investment was about $160,000. 

The venture was a success from the start. It is estimated that, at 
that time, there were 10,000 men engaged in the whaling industry; and 
this fact meant a great number of women available for mill labor, m 
1854, two additional mills were erected, bringing the total spindlagc tip 
to 45,000, wdth an adequate complement of looms. In 1907, the corpora- 
tion was capitalized at over $3,000,000, had 228,000 spindles and 4,300 


looms, and employed 2,100 operators. . .. 

Conditions favored establishment of cotton mills. During the Ony 
War, the Southern priA^ateers, having been clriA’en from the 
Ocean by the Union NaA^, conducted raids in the Arctic Ocean 
destroyed a large number of whalers. It is interesting evidence of W , 
ingenuity of the old whaling captains that, from then on, in an effort to 
protect themselves from these depredations, they painted portholes on 
the sides of their sturdy vessels to imitate warships. There followed a 
series of tragic disasters on the icy seas and the beginning of compebho^j 
until mineral oil; these facts changed local sentiment and diverted capfin 
to the development of cotton mills. Twenty-four additional cotton 
manufacturing cloth and yarn, were established between 1847 and ^ 

Other mills were later added so that, by 1920, there were in New Bed- 
ford 3,500,000 fine yarn spindles and 50,000 looms. It was the ? 
the fine-yam cotton industry in America, using combed yams and 2121 ' 
cate machinciy ; and there were no mills in all the world better cqu^PP 


or manned than those of New Bedford. 

Conditions detrimental to the prosperity of the cotton indust^^ 
There was no adequate supply of water near New Bedford suitable 
bleaching or finishing. The goods were sold in the gray to convert 
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and later to jobbers, and even to certain types of garment manufacturers; 
by these second hands, they were sent to bleachers, finishers, dyers, and 
printers to be processed for the market. As fine-yarn spinning and weav- 
ing grew up in Connecticut, Rhode Island, in the South, and in Maine, 
the same dangerous merchandising practice was followed. The Wam- 
sutta had, in addition to other looms, a group of looms manufacturing 
fine bedding, and these were the only New Bedford products that were 
then known either to the public or to the markets as a New Bedford 
product. During the First World War, ^Tcw Bedford manufacturers, in- 
stead of firmly establishing their product in the markets of the United 
States and the world, left bare of fine goods formerly received from 
northern France, devoted their manufacturing to the production of auto- 
mobile-tire yarns. The end of the war found that the tire manufacturers 
were using entirely different types of yarn and cotton for tires and that 
the market had developed other sources of supply for fine cotton goods 
New Bedford's prosperity started in decline from the Armistice, until, 
by 1932, it was running not more than 25 per cent of capacity and mill 
stocks that paid high dividends for years had fallen to about one tenth 
of their former prices. 

Just before the First World War, two fine-yarn mills were built and 
equipped in Greenville, South Carolina, and a large number of fine- 
combed yarn -spinning mills grew up in Gastonia, North Carolina. A 
few years later, the then so-called “Insull group’^ in the Central Maine 
Power Company entered the fine-yarn-goods field; and the Berkshire 
group, scattered through Massachusetts, Rhode Island, and Connecticut, 
was another unit to enter. 

There were other scattered units, all of them selling unfinished goods 
none controlling the quality or style of their product to the market, and 
none with any market identity. Most of these units later came under 
banking control, and consolidation, elimination, and liquidation were the 
order of the day. 


Labor 

At first, labor was entirely local in type, absorbing the surplus labor, 
largely female, from agriculture and maritime pursuits. Employers and 
employees were of one race and language, and, generally speaking, of one 
religious inclination. Such social distinctions as existed were entirely 
concerned with degrees of wealth and education. 

Early in the nineteenth century, foreign immigration began to play a 
part in mill labor. First came the vigorous Irish, in answer to the pres- 
sure of economic conditions. Then followed a wave of well-trained Brit- 
ish weavers and even a few Scottish mechanics, forced from the old 
country hy industrial saturation. Next came the thrifty French Ca- 
nadians, seeking to save money from mill wages to buy and stock their 
pleasant farms in Quebec provinces. These fine industrial workers were 
separated not only from the Yankees, but from the British, the Scotch, 
and the Irish workmen, by the barrier of language; and from all except 



220 


THE TEXTILE INDUSTRY FROM PREHISTORIC TIMES TO 1930 


the Irishj by a religious difference. But, as a matter of fact, there was 
a difference even here, smce, in practically all New England communi- 
ties, separate French Catholic churches were established; and ever since, 
the French have maintained what, for social purposes, amounts to a dis- 
tinct religious organization of their own race. 

Tine Irish, English, and Scotch mixed easily with the native popula- 
tion, but the French held aloof. Socially, they belonged to another 
century; economically, they were farmers, temporarily diverted to me- 
chanical pursuits in order to accumulate working capital for their a^- 
cultural investments; and they clung tenaciously to their own beautiful 
language and sturdy customs, and maintained a social solidarity, even in 
matters affecting their religion. In addition, they had a strong recol- 
lection of the tragic revolt of the French Vliabitants against the English 
rule in Quebec in the early part of the nineteenth centur>^ (1837) — ^the 
revolt of Louis Joseph Papineaw. 

New Bedford and the near-by tovm of Fall River were subject to the 
same general racial influences as other New England tovms, but in one 
particular the}’’ differed. The New Bedford whalers, at a very early date, 
had come in contact with the vigorous nautical population of the Cape 
Verde Islands. Crews of whaling vessels were seldom subject to inspec- 
tion by immigration ofiicials, and, as whaling became unprofitable, it 
became a custom to bring back cargoes of workers from the Cape Verde 
Islands for the New Bedford mills. These islands were known to the 
Carthaginian voyagers before the Christian era. They were rediscov- 
ered in 1441 by the Genoese merchants, and later became Portuguese 
possessions. Racial mixture w’as alread}^ sufficiently complicated in the 
islands before they became ports of call for the slave trade from Africa, 
even before the discover}^ of the New World. Today, out of a popula- 
tion of 140,000, less than 5 per cent are of supposed unmixed white 
descent. The rest are either mulattoes or full-blooded Negroes. The} 
are excellent workmen, frugal, industrious, and, when treated faid}? 
docile. The racial distinctions, so important in this countr}’’, do no 
exist in these islands, and the Negro Portuguese are just as intelligent 


and just as sldllful workmen as their white compatriots. , 

The introduction of the Portuguese into New England marks the en 
of voluntar}' immigration. During the early nineties, in an eSort to 
obtain cheap labor in competition with the South and to avoid the threa 
of organized labor that had been raised by the growth of the Knights o 
Labor — and under the economic delusion that low wages meant low co^s 
of production — there began a wave of vicious labor proselyting in souta- 
em Europe, Asia Minor, and Asiatic Russia. The racial confusion re- 
sulting from this misguided effort may be judged by the fact that; la 
1912, at a famous labor trial in Lawrence, Massachusetts, 19 


languages or dialects were translated in the testimony. 

There can be little doubt that this sudden intrusion of alien la 
misdirected and exploited, created a very difficult social and 
problem in New England. Labor solidarity was impossible. Tne 
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were the barriers of languages, social standards of living, and religion 
to be considered, 

A strong distinction grew up between management and labor. The 
remnants of the older races, by this time comfortably domiciled in New 
England, occupied positions of minor executive responsibility. The later 
immigrants became the workers, while ownership rested largely in the 
earlier American families who brought the industry’’ first into economic 
life. 

With the restrictions of immigration, the day has passed when our 
labor standards can ruthlessly be determined by comparison with the 
living standards of the latest labor importations from Europe. Our 
school systems, general habits of life, and the ability to obtain citizenship 
are gradually assimilating all of these races and setting the second gen- 
eration in the commonly accepted social and economic mold. The slow 
rise of living standards and education and the gradual correction of the 
worst effects of this racial experiment clearly indicate that the almost 
discarded idea of the melting pot need not yet be entirely abandoned. 
At least, from this southcni European labor group, New England is re- 
learning the frugal habits of our own earlier generations. The}" brought 
with tliera from their European homes a knowledge of subsistence agricul- 
ture; and the truck gardens and small farms of New England play an 
important part in augmenting the family income. There does not seem 
to be any prospect of again throwing down the bars of immigration and 
permitting a new era of labor exploitation. Tlic more enliglitencd mill 
owners and operators are not in favor of such a course. 

Cotton Mills in the South 

The rapidly developing demand for cotton, first in the mills of England 
and later in those of New England, following the invention of the Whit- 
ney cotton gin, prevented or discouraged the development of cotton- 
textile mills in the South, in favor of agricultural development. But the 
impetus that liad been given to the original idea of imitating England’s 
machine development carried the South up to as late as 1810. At that 
period, the manufactured products of the Carolinas and Virginia exceeded 
the value of the manufactured products of New England, and a certain 
amount of cotton spinning and weaving was carried on in the South 
for local sale up to the Civil War. 

But the modern history of Southern cotton mills does not begin until 
after the Civil War. I quote from Broadus Mitchell’s The Rise oj Cot- 
ton Mills in the South: 

The mills biult after the War [Civil War] were not the result of 
pre-bellum mills. This is trying to ascribe one cause for a condition 
which probably had many causes. The industrial awakening in the 
South was a natural reaction from the War and Reconstruction. Before 
the War there was first the domestic industry proper. Then c.aine such 
small mills about Winston-Salem ns Cedar Falls and Franklins ville. 

These little mills were themselves, however, hardly more than domestic 
manufacturers. When, after the War, competition came from the 



$22 THE TEXTILE INDUSTRY FROM PREHISTORIC TIMES TO 1930 


North, and from the larger southern nulls, the little mills which had 
operated before and had survived the War lost their advantage, which 
consisted in their possession of the local field. . . . The ante-bellum 
domestic factory system did not produce the post-bellum mills. 

The following statistics taken from the Censm Reports are illumi- 
nating: 


Tabue I 








Consiimp- 

Area 

Ccnsw5 

Plants 

Capital 

Operators 

Spindles 

iion 

tn Bales 

Southern States 


ri840 

248 

4,331,078 

6,642 

180,927 

78,140 



11850 

1C6 

7,256,056 

10,043 


New England 


[1840 

G74 i 

34,031,399 

46,834 

1,497,394 

430,603 


[1850 

564 1 

53,832,430 

61,893 



After the Civil War, or rather after the even more destnictive and 
misnamed period of reconstruction, had passed away, a few of the leading 
citizens of the South, with the idea in mind of giving employment to the 
unemployed and almost unemployable white population that had been 
detached from the soil through slavery, launched what really amounted 
to a cotton crusade. This incident marks one of the most interesting 
and one of the most human stories in the history of the industry. But 
even before this, in 1861, 'there had been an exhibition of machinery in 
Atlanta intended to encourage the manufacture as well as the growing oi 
cotton in this section and to induce foreign capital to invest in these 
ventures. The war, of course, intennipted this idea.^^ 

The Charleston ^lanufacturing Company, in its first bid for stocK 
subscriptions, printed the following message: 

The advantages, (firect and incidental, accruing to every citizen of 
Charleston from this industiy’ about to be started in our city, are so 
manifest that those who have inaugurated the enterprise have every 
reason to feel confident of a ready response to the call for capital ana 
of abundant success. 

The personal losses incident upon these first experiments are an indi- 
cation of the unselfishness and the public-spiritedness, as well as tne 
inexperience, of Southern industrialists. There is no doubt, however- 
that the machinery manufacturers in the East encouraged tlie movenien 
and took stock in some of these Southern mills, often to the extent of ho® 
40 per cent to 60 per cent of the indebtedness; but they no doubt chevS® 
a compensatoiy^ price for their machinery. , 

It was nbt until 1895 that the Southern mills passed safely throuS 
the first stages of sectional enthusiasm and social devotion into a 
and more rational economic position. The East and the North o® 
watched this movement with a tolerant and amused indifference. '' ' 

established mill organizations in the East, trading in a rapidly expaa * 

” See United States Census Itepprls, 1S31 to 1910. 
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ing market, with a skillful and docile labor population and strong finan- 
cial and mechanical and scientific background, did not seriously consider 
the competition of the South, 

Textile Machinery^® 

American versus English machines. It is impossible to outline the 
subsequent history of mill building in the South without some brief ref- 
erence to the difference between American and English machine tech- 
nology. The English machines, as a whole, were invented for a labor 
population that had been trained for generations in textile processes and 
was partially organized in industrial groups and systems at least 100 
years before the invention of the first machine, Erom the very beginning, 
the English machines were found to be too complicated and to require 
too great an amount of skill for the available labor in the American 
markets. 

The early phases of the cotton industry in the United States were de- 
voted exclusively to the production of the coarser types of cloth; and 
these, in most instances, were unfinished. An attempt was even made to 
transfer the machines or the machine ideas to the home. One of these 
machines, fortunately preserved in the Smithsonian Institute, combines a 
gin, roller draw frame, and 6 spindles, and was intended to be driven by 
hand power. This machine was manufactured in Cincinnati as late as 
1844. It is curious as representing a composite labor-saving machine 
intended for the home rather than for the factory. 

The mule. The mule was introduced in America by John Slater, 
brother of Samuel Slater, in the early nineteenth century. The extension 
of the use of this machine was limited by the lack of technically trained 
spinners; and most of the spinning in this countiy before 1832 was per- 
formed on modifications of the Slater machine, based on the earlier 
Arkwright patent. 

John Thorpe’s invention. In 1828, John Thorpe patented a machine 
(see Figure 11) for twisting, with a metal cup device that is still used in 
worsted spinning; in 1829, he perfected ring spinning. This device con- 
sists of a large and heavy metal ring to which is attached a smaller ring, 
through which the partiallj^ spun filament of cotton is passed on its way 
to the spindles. Both of these rings are lifted by the weight of the thread 
itself ; and the action of friction, coupled with the rapid revolution of tlie 
spindle, completes the finished yarn. The peculiarity of this spindle was 
that it had to be driven at a high rate of speed — between 8,000 and 9,000 
revolutions per minute — and the weight and size of the ring and the size 
of the roving determined the size of the yarn. This condition made nec- 
essary certain changes in the type and character of the spindle; and the 
Rabbeth high-speed spindle, perfected in the great Draper plant in con- 

”For lack of space, many inventions vital to the development of the cotton in- 
dustry or common to other fibers have been omitted. For a full account of the 
technical evolution of modern machinery, see William S. Murphy’s The Textile In- 
dustries (London, 1911), in 8 volumes. 



S24 THE TEXTILE INDUSTRY FROM PREHISTORIC TIMES TO 1930 


nection with Thorpe^s ring — in which the spindle shaft is wrapped in 
worsted yarn — ^made it possible, after man}" experiments with oil-bearing 
jackets were abandoned, to drive these machines at this high rate of speed. 
The worsted yarn controls vibration in the rapidly revolving spindles. 




Here is a example of a simple ad- 
dition to an original idea having all 
the force of an invention. 

Ring spinning now prevails in 
over 90 per cent of the American 
cotton industry and, within the last 
30 years, has been introduced into 
England, South America, Japan, 
and the Orient. It not only can 
be operated by much less skillful 
operators but makes a stronger 
yarn, though it lacks tlie certain 
character of softness in the mule- 
spun yarn. Ring spinning has a 
second advantage of the utmost 
importance in modern manufactur- 
ing: it is a continuous movement, 
whereas the mule is an intermittent 
movement. The mule only forms 
the yarn while the carriage is trav- 
eling outward; when the carriage 
moves backward toward the spm- 
die, it is wrapping yarn on the 
spindles. The ring frame also oc- 
cupies much less space in a milt 
and an operator can take care of a 
greater number of spindles; hence 
there is a greater production 
spindle. 

Butcher temple. One of the 
difficulties experienced in the earl} 
use of the power loom was the 
sence of a device to keep the clot J 
stretched to correct width after i 


Fig. 11. Machine for spinning and had been woven. On hand 
tu-isting, patented by John Thorpe in this difficulty was taken care of o} 

two wooden sticks, clamped to 
gether vdth nails, that were 

tened to the cloth and, from time to time, shifted as the cloth was xol c 
on the cloth drum. To use this implement on the power loom, ^herc 
weaving was at so much greater speed, not only made it necessary to stop 
the loom from time to time and hence to create loss of production, but 
made it impossible for a weaver to take care of more than two 
looms at one time. The Butcher temple (also a Braper invention) , u de- 
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vice resembling a perforated metal drum, was introduced at this time; and 
the irregularities on this metal surface constantly revolving, with the 
picking motion of the loom, kept the cloth to its proper width. A weaver 
with the same effort could now care for from four to eight looms. 

Continual improvement in the power loom during the nineteenth 
century. The technical history of the loom is an intricate yet important 
subject to students of mechanical development. But it is enough for our 
purpose to say that, during the first half-century that followed the intro- 
duction of the power loom, slight changes were always being made in 
methods of construction and mechanical details, which made the move- 
ments more regular and prevented an undue amount of the breakage 
of yarn due to strain on the warps. These modifications in the United 
States were all in the direction of greater production, with less and less 
need for specially trained labor. But the main change was that the 
loom gradually contained more and more metal, and less and less wood. 
From 1835 to 1894, the plain-cloth loom reached a standardization of 
mechanical detail that has been only slighti}’’ modified since. Its main 
objection was that 1 weaver could take care of from only 4 to 8 looms, 
and the main loss of time was due to the breaking of warps and the 
necessity of inserting fresh bobbins in the shuttle as the weft was used 
up in weaving. 

Two devices were perfected to correct the first fault, one a mechanical 
stop motion on a loom and the other an electric stop motion, which 
causes the loom to cease weaving without damage to the fabric if a single 
warp end breaks. 

Northrop battery loom. We now come to the invention that has had 
a greater influence on the so-called problems of mass production and 
overproduction in textiles than any other single invention since Ark- 
wright’s water frame. In 1894, the Draper Company, with the assistance 
of a talented, if somewhat temperamental, English mechanic, J. H. 
Northrop, invented what is known today as the Draper, or Northrop, 
battery loom. This loom (see Figure 12) has an attachment at one side 
containing a battery of bobbins, which, through a simple but amazing 
piece of mechanism, throws out the empty bobbin from the shuttle and 
inserts a fresh bobbin, without stopping the motion of the loom — perform- 
ing these actions in the twentieth of a second, the period of time in which 
the shuttle rests in the shuttle box. 

It is an amazing comment on the lack of technical imagination in 
the cotton industry to write that the introduction of this loom in cotton 
mills was one of the most difficult of commercial 'mechanical undertakings. 
Fall River, at this time, was a thoroughly established center for the 
manufacture of print cloths. Cotton mills had been established in Fall 
River since 1811; and, by the early nineties, Fall River had grown to be 
one of the richest industrial cities of its size in the world, with a popula- 
tion of between 20,000 and 25,000 workmen employed in spinning, weav- 
ing, bleaching, and printing plants. The Draper Company attempted to 
introduce their new loom, but the mill owners of Fall River could see no 
reason why they should scrap machinery that was still in good working 
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order and on which they were making a profit. Mechanical obsolescence 
was then an unkno^sm phrase. This forced the Draper Company to seek 
a market for their looms in other parts of the world and in the Soutli. 



The Northrop loom is one of the most perfect mechanical impkm^i^^l 
ever devised to perform a series of intricate, 3"et restricted, mechanics 
movements. Its operation does not require any very high degree of ski 
or an^’' length of technical training. It can be operated successfully bJ 
women as well as men. 

England refused at first to see any particular advantage in the Dr^P^- 
machine. Even as late as 1930, English labor unions refused to let s 
weaver tend more than 12 looms when he could take care of twice or 
three times that number even on fine fabric. The consequence was 
the machine was introduced first in the South, later in South Amencs. 
and ultimately in the Orient. The Draper Compan\^ was supported 
their development of Southern mill properties and foreign mills by 
manufacturers of spinning machinery, particular!}' Soco-Lowell riog- 
frarae makers. The growth of the industiy' in the South and its 
relative position, compared with those of the East, are a part 
mechanical histor}' of Thorpe’s ring, Dutcher’s temple, the electrical -- 
mechanical stop motion on the loom, and the Draper or Nortlirop loo® 
When, in 1931. Gandhi w'as visiting the great weaving center oi 
Chester, England, he remarked on the fact that, in phj^ical 
the English mills were far below the mills that had been built within 
last generation in Bombay, India. 
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Crompton-Knowlcs looms* Tins niudein niuchino developed, 
in tlie latter pait of tl)c ninetconih renliny, fu>in the earlier Kay drop 
box (17G0) and ilic Kno\\lc« lod-aiul-liall cTuun shuttle box, combined 
with the William rrompton eham-motion bhedding device. Tins foitii- 
nate combination of ton^iuutive inventive geniu^ has developed into the 
great Crompton and Knowles Loom Works^ in Worcester. Massachusetts. 
To thc^-c eailier i>iineiple^ many new devices and adaptations and pci- 
fcctions have Iieen aildcd, until these ^oom'^ liave gone into ovcr>* phase 
of the textile industry and into many paits of tlic world Their 2-by-l 
boxxshuttlc change i- one of the mo^t ama7ingly rapid and precise bit< 
of mechanism in the Insioiy ot mailiinciy, Crompton and Knowles Loom 
Works make looms, not only for silks and cotton’^ and woi^tcds, but for 
carpets and nigs, and for many otiicr .specinlired purposes. Their icla- 
tionship to the fancy woven indu'^tiy i^ as iniportant as that of the Draper 
Company of Ilopcdale, Masvaelmsetts^ to the higli-specd pioduetion of 
plain cloths. 

The Vaucauson and Jacquard patents. In the old Oriental looms, 
the weaver often cmlwotdered with a rimttlc on baic waijis the mo^i 
beautiful and intricate patterns. An old Chinese loom show^ a device 
that corresponds closely to the loom iwod today in intricate pattenis, 
knowm as the ‘Macquard.*^ It must he icmembcicd that all devices, 
machines, and invention*? in Europe were only intended to make auto- 
matic movements and constructions forineily produced by hand — crafts- 
manship The loom iwcd today to make sucli fabue^ biocadcs is 
miscalled the Jacquard loom The beginning of thi*' tyjie of loom 
mechanism i*? to be attubuted to the Vnucauson patent, in 1740, and not 
to Jean Jacque*- Mane Jaequaid, wdio peifccted the Vauenuson devices 
Vaucauson's patent consisted of cords, with weight*? attached to w’arp. 
in association wdth sj^'cts of perforated metal not unlike the device now 
used on our player pianos. The cords were attaclied to gioups of warps 
and controlled the pattern through the wciglits droiipmg througli the 
holes in the metal sheets This device led to Jacquard^? moie piartical 
machine and is the piototypc of all modem looms of this character. 

Knitting machinery. We must include in this group the knitting 
machinery that began before the era of oithoclox dates for the economic 
revolution. The Reverend William Lee completed his stocking-knitting 
frame during 1589 John Hcathcoat, in 1808, constructed a machine 
capable of producing pillow lace; John Levers, in 1813, improved the 
Hcathcoat machines and invented a lacemaking loom; and 1^1. 1. Brunei, 
in 1816, patented his circular knitting machine, wdiich w’as knowm as the 
“TricotcurJ^ 

Weaving color into fabric. On hand looms, wdien a pattern called 
for an additional color in the weft, the weaver changed to a shuttle 
already prepared wdth a bobbin of the desired color. This change haidly 
interrupted his labor. 

The first invention to make this movement automatic w^as llobeit 
Kay's drop box, patented in 1760. This device contained two shuttles 
wutli different colored bobbins, which, by mechanism, w^ere offoicd in 
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turn to the pick block. This device and the earlier fly shuttle of John 
Kay, 1733, are still used on hand looms. 

Most fancy fabrics — such as ginghams, stripes, and the smaller pat- 
terns — are today made in the United States on the Crompton-Knowles 
loom. 

Hand craftsmanship still of primary importance. The completion of 
these inventions has given the modem mill operator a very wide control 
over pattern, color, design, and texture in fabrics. If you add to this 
list of inventions the looms that make pile fabrics, modem technolog}' 
includes practically every principle formerly knovoi and developed 
through hand craftsmanship in any part of the world. But tliis control 
and mechanical duplication of movements and technics developed in 
hand craftsmanship do not imply that hand craftsmanship has disap- 
peared or ceases to be of primary importance. As a matter of fact, the 
finest of all fabrics are still produced on crafts implements and under 
craft systems and control, and these influences have increased rather than 
diminished during tlie last few years. No thoughtful student of textile 
history should make the mistake of eliminating such factors from careful 
consideration. The hand loom is an economic, artistic, and commercial 
factor of the first importance. 
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The Modern Textile Industry 


Five Phases of Tufmoil 

The ?Jccont5 rcvolmion. Ti:e of <}.f^ u \tilo inth!-tn\ 

|KUtruy»t$ !n tin pra^ fitnr fhnptor, f\phsist' inueh nhout the* kalcub- 
^copic trm^K of jntxi^rn UvlHo halw^’try, >v)nrh v;i!I ho outlined in 
tin*' rhapt* r* 

Tiio niitiqiuty of «^pimnnp, atui uutvini::. ov.juf^ to t!io fundntmntal 
hutuHU jutd for cJoMiinr, \]i\^ hnuifh of nuiunfnoiuro the forerunner 
in inocbrn Jiuh^tty, the pivotnl ]^\hi of thn hr**! inrlu^trinl ri^vethUion 
And thf'‘ pn ittoti of load* r-hsp Uul, in turn* an iiuroncliu! po^'ition 
of trjiiuinu ‘hat toado t*\?di‘* tin* hrnncli lo he fir t and tno^t ,*-harply 
nff(rt<<! hy \\\ni\ nr*y h^‘ cn!!r4i Uit* ***'<cnnd irulu^lrial r(\olution’^ — and 
oartirulnrly rUui part of jt vhjf"h d* voU»]>cd in the two clernde- iminodi- 
»tfly follfounj; Uu Fir*-! Wot Id \Vnr. 

Thi^ MMorui jndu^tnal nvohdion, oonfinHl entirely to the 

>re'('nt untury, hn^ found major t\prc‘'^i«n in the-e piur^eH: (i) the 
’rtntion of tntirely nvw indu'-tne^; (2) the ^cogrnphieal di^lorntion of 
ndnMr\*; ( 3 ) the Urhnoloptad advance in indiNtric^: ( 4 ) tlic 

>rojeci5‘>n of neu voeial-irnnoime trin<h; and (fi) the increu^^inp com- 
dtxity fd the merrhandi^ini;: problem. 

Tlie mitml dTeet of Uio-t uf tln^'^e new inipulhC:; upon the textile indus- 
r\* ha^ hcfn a nrnative one. Tlie potential elTcel is podti\o. During 
he fran-ition petiod, how(»ver, neiny old companies in an old industry 
all hy the wayside. That fact earned for textile manufaeturo^ in the 
020^ particularly, the chararteriration of *^i\ bick indu^-lry/' The later 
'mergence of that industry io a forward-looking »‘*talu«5 has been one of 
he mo-t inspiring cImpter.H in modem indu^-trinl history. 

To under-tnnd (he rad import of thi^? complex situation^ it is necessary 
o np]>rai'^o each of thc-^e trends in its effect upon textile nuinufaelurc. 
The efToit iw particukuly worth while beeauho textile manufacture afiords 
he best ca^-e ptudy of n long-cstabli'^hcd, overeompelitivc, consumer- 
;oods type of industry. Much of the publicity during the last quarter- 
oniury lia^ been f()cu*-cd upon the new indubtiics, sucli ns automobiles, 
luHo, wynthetic'^, air-conditioning, and so on; upon allegedly monopo- 
i«-tic, lather than actually profitless, industries; and upon eapitul-goods 
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industries — or upon varying combinations of these three descriptions. 
The plight of an industry which falls into no one of these grooves has 
been made that much more difficult because there has been the assump- 
tion that what was good or necessaiy for the most publicized types was 
good for all. 

Creation of new industries. There is a temptation to consider this 
particular phase of the subject in its broader sense and to study the effect 
of new branches of manufacture, outside of the textile industrj', upon 
that industry. This would include such varying and often opposed 
factors as the demand for textiles from the new industries and encroach- 
ment of the latter upon the consumer's dollar, to the detriment of textiles. 
However, there is a much more specialized industrial growth to consider 
in this connection, namely, the development of synthetic fibers. 

The romance of rayon ranks especially high in modern industrial his- 
tory, from the standpoint of human interest. To textile manufacturers, 
it has been both a problem and an opportunity of the first magnitude. 
Here is the background: 

In 1911, the first ''artificial silk" plant was established in this country, 
producing something over 1,000,000 pounds in 1912. By the end of that 
decade, the consumption of this new fiber in this country had reached 
less than 10,000,000 pounds. By the end of the next decade (1930) , ho^^ 
ever, the total was approximately 127,000,000 pounds, while at the end 
of tlie next decade (194:0), the total domestic consumption was nearly 
500,000,000 pounds. In other words, it increased by more than 50 times 
in just two decades. 

The transformation in the characteristics of the product of fhe 
industry was equally remarkable. From the first shiny, weak “artificm 
silk" used mostly for Imitted neckties and sweaters, there has been 
developed a bewildering range of filament yarns and staple fibers varjung 
widely in source, in appearance, and in use. , 

The first effect upon textile manufacture was a stimulating one. ^ 
sharp increase in output of "artificial silk" in the early 1920's perini e 
the creation of low-priced novelty fabrics of cotton and raj'on 
replacing the old staple ginghams and similar fabrics, and serving 
real temptation to a woman's pocketbook. As time went on, liowe\ ^ 
many of the existing types of mills lost out, owing to changes crea 
by the growth of the new fiber. Naturally, it replaced a certain amo 
of cotton yarn, which affected both spinners and mercerizers 
ruthless effect, however, w’as felt in the old silk mills. Their niaclnne^^ 
organization, and managerial outlook were difficult to adjust 
demands of the new industry^ and many of these organizations— me 
ing firm names that were household words in this country — passe 
of existence. Their place was usurped by cotton mills that procc- 
rayon, and by newly created rayon-weaving mills. ^ j^ct 

A similar possibility confronts the woolen and worsted industO"- 
as the early filament rayon replaced silk more and more 
plants, so the comparatively new rayon staple threatens to gud 

more and more in both men s and women's wear and in houseno 
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industrial fabrics. The wool manufacturer of 1940 found himself facing 
the same possibilities which the silk manufacturer faced back in 1922. 

The above refers principally to the weaving branch of the industry. 
A.lthough most of the earliest inroads of synthetic fibers upon the textile 
industrj’' were directed toward knitted products, the later development 
centered on woven materials; and, in fact, one of the major branches of 
knitting — full-fashioned hosieiy — continued as a last stronghold for silk 
until as recently as 1940. In that year, entirely new types of synthetics 
appeared — b}'' now well known to consumers under the names of N 5 don, 
Vinyon, and others — and threatened to replace silk even in that last 
field. Silk still comprises the raw material in the largest part of the 
full-fashioned hosiery industry, but the production of Nylon and other 
new sjmthetics is increasing rapidly, and the handwriting seems to be on 
the wall. 

Two characteristics have been responsible for this spectacular growth 
of synthetics, namely, uniformity and versatility. The former has re- 
sulted in the elimination of many other great natural industries, as, for 
example, natural dyes. Man, with the help of the chemist and the engi- 
neer, can regulate his plant to produce practically the identical product 
week after week, while nature seems unable to achieve this uniformit}’. 
In versatility, man can adapt the characteristics of synthetic products 
exactly to the uses required of them 

The net result has been a complete revolution in the material sources 
of textile manufacture in this country. 

New England Follows England's Pattern 

Geographical dislocation of the industry. Just as it was true that 
the creation of new materials within the textile industry was only a pur 
of the broader picture of the creation of new industries generally, so al-u 
is it true that the much-discussed shift of the cotton manufacturing 
industry from the North to the South was essentially only part of a 
national and, in fact, a world decentralization of industry general y 
Probably the most spectacular example on the world^s stage was the rapn 
decline in the extent to which England supplied far-flung markc a 
Gradually, countries to whom she had formerly shipped goods began 
create their ov*n industries and thus to supply their own needs, win ^ 
other inclustriallj" aroused nations also stepped in to take aw^ay a puJ* 
of England's erstwiiile markets. .. 

Exactly the same impulse was manifested in this countIy^ Tke oar i 
picture of New England supplying a considerable part of tlie 
needs of the United States changed to one wdiere the other sections beca 
industrially conscious. 

Here, again, the textile example was the- sharpest of all such 
lions.. This was due, partly to the fact that a basic industiy sue 
textile manufacture is always one of the first to interest a country 
awakened to its industrial possibilities, and partly to the fact that 
was at least a ps^^'chological tie-up between cotton manufacture 
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the growing of the raw material, which represented such a consider- 
able proportion of the South’s agricultural economy. 

The result can be told in a veiy few figures. Within the two decades 
from 1920 to 1940, the relative position of the New England states and 
of the cotton-growing states, with regard to the number of cotton 
spindles, was completely reversed. At the start of that period, New 
England had well over half the spindles; while at its conclusion, the 
South had approximately three quarters of the total. The comparison 
on the basis of actual consumption of cotton in the two sections is even 
more striking, since, in 1940, the South was consuming about 85 per cent 
of the total used by domestic mills. 

There was not only a shift in the percentage between the two sections 
but also a very sharp drop in the total number of spindles for the 
country as a whole. In the 15 years between 1925 and 1940, there was 
a reduction from a total of about 38,000,000 to approximately 25,000,000 
spindles. As indicated above, the bulk of this represented a loss to New 
England. The result is familiar to anyone who has traveled in that 
section in recent years: huge mills, and often almost entire cities, stripped 
of their major occupation — cotton-textile manufacture. Practically all 
the production of staple goods was shifted to the South; those plants that 
remained in New England were largely producers of fine goods and 
novelties. 

It is possible to analyze only briefly the cause for this shift. The 
major one, in this writer’s opinion, is the national and world trend 
already mentioned In other words, although it was true that certain 
conditions following the First World War hastened the shift, it is 
probable that eventually the cotton-textile industry would have been 
decentralized anyway. 

The major specific factors that made up the cost differential in 
attracting cotton-textile mills from the North to the South were wages, 
taxes, and construction costs Of these, by far the most important was 
the wage factor. A considerable part of the North was unionized, and 
the wage scale had assumed a certain amount of rigidity; while in the 
South, there was a vast supply of labor from the mountains waiting to be 
tapped. The tax differential was due partly to the eagerness of Southern 
communities to entice plants to their midst, and their consequent willing- 
ness to offer attractive arrangements wliereby taxes were waived for a 
certain period. 

The total differential in cost, which was a very considerable factor at 
the height of the migration from New England to the South in the 1920’s, 
was gradually reduced in subsequent years, particular!}^ in the com- 
parison of the Piedmont section of the South with New England. Costs 
in the Charlotte, North Carolina, area, for example, have steadily 
increased; and today such sections as Charlotte, which have become 
increasingly industrial, find histoiy repeating itself in a new form of 
competition which tlicy face from the more rural areas of Georgia, 
Mississippi, Alabama, and other Southern states. 

The net effect of such a geographical dislocation is not hard to realize. 
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An industr}^ already facing overproduction problems, through addition 
of another shift during the emergency of the First World War and its 
aftermath, experienced the impact of new plants whose product came on 
the market during the worst of this competitive situation. For that 
reason, the cotton-textile industry staged a private depression all its 
ovnx long before American industry^ in general took to its bed in 1930. 

We have referred specificallj" to the cotton-textile industiw because this 
was the one most sharplj^ affected. Subsequently, the hosiery’ industry’ 
has had a similar migration, although not yet as sharp in its total mani- 
festation. The big question of the future is whether woolen and worsted 
manufacture is going to follow cotton manufacture. Theie has been 
some migration of wool manufacturing plants, from the Jsoiih to the 
South, and some establishment of entirely new plants. However, the 
woolen and worsted industry’' is still largelj^ a Northern enterprise. It is 
interesting to note, for the benefit of tliose who have a primary concern 
about the wool division of textiles, that this branch faces two dilemmas. 
(1) tlie threat of rayon staple; and (2) the threat of geographical dislo- 
cation. In other words, it may well be proved that the wool industr3’s 
troubles arc still ahead of it, while the cotton industry’' has laid many oi 
its troubles to rest. 


Old Processes Under Attack 

Technological advance. The wave of technological development 
has characterized American industry thus far in this century has natu- 
rally^ not ignored the textile industiyx Unfortunately, its effect to date 
has been depressing rather than bullish. In many’ industries, it scivca 
either to reduce costs so sharply as to increase total consumption and con- 
sequent total profits or to result in the creation of entirely new ' 

and new industries which enable old companies to compete against 
shelf. 

In textile manufacture, the initial effect wms largely to increase over- 
production, bear dovm on price and wage levels, and create a less prou ^ 
able economy for both management and labor. ^ . 

Even the scrapping of a part of tlie equipment of certain divisions o 
the industry" did not restore a production-demand balance. The 
was this very same technological advance. For example, cotton spitjoic 
m the country’ declined, in the decade from 1930 to 1940, bom abou 
34,000,000 to 25,000,000. On the other hand, the production of cotton 
goods in 3’ards increased from about 7,000.000,000 to 9.000, 000.(^^ 
Througli the improvement of machines, and particularlj’ . ’ 

impro\-cment in management methods, as well as further e.vtcnsion ot t^’^ 
.=ccond shift, each unit of equipment in place was capable of prod«f'”5 
larger unit of product. . _ 

Although it is safe to assume that certain of the trends 
creased productivitj' of existing equipment have more or less nm 
•'our.sc, there is no prospect of technological stabilization in the 
wsJustrj'. The trend of the next quarter-century will undoubtedij' 
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Courtesy, **TcxUlc World** 


Fig 1. Stock-dyed wool roving from cards ordinarily used m production of face 
yams for carpets is fed to a Tas lor-Stiles fiber cutter, chopped into predetermined 
!( ngths ranging from 5/32 m to Vi in , then blown into this mixing machine The 
mixoi consists of a laige chambei with fans and a revolving wire cage which acts 
1^ an agitatoi and thoioughly mixes the flock Jute, layon, and other matcrial« cm 
lifto be used 
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toward complete transformation of existing processes. There are tend- 
encies pointing that way already. Fabrics have been created witliout 
benefit of spinning frame or loom.^ The effect upon this industrj^, if it 
should be 'found possible to by-pass such standard forms of its equip- 
ment, would be revolutionaiy in the extreme. This vdll not happen over- 
night, but there is enough of a possibility in this direction to challenge 
the imagination of the textile industry and those who supply its equip- 
ment. 





Courtesy, "Tcttih Il'erli 

Fig. 2 Here actual production of caipet begins. The roll of burlap 
right, with one side rubber coated to a thickness of up to 0.045 in , is drawn into 
machine rubber side down, and the series of nozzles in front of the stooping 
tive gives the uncoated burlap face a coating of naphtha rubber cement The 
then enters the flocking chamber (center). Flock, wliich has been blown ^ 

mixer to a bin, is spread in controlled amounts across the width of the machine, 
allowed to sift dov,Ti to the cement-coated burlap through openings. A 
device next draws up and returns to the bin all flock which has not become in ^ ^ 
in cement. The “raw” carpet is then drawn out of the chamber and earned P 
lattice conveyor to a dryer. 

New social-economic trends. The effect of technological iinpi'°'^' 
ment upon both corporate profits and wages was referred to in the pi"® 
ceding section. Possibly in no other branch of industrj’’ are the ecouonu 

‘The process, as pictured in Figures 1, 2, 3, 4, and 5, outlines briefly 
ing of the carpet sho^vn in Figure 6 This is an example of the elinunatjoa o 
and spindles by the use of a method with interesting potentialities. 
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and social factors so closely related as in textiles. The reason is simple: 
The wage item, being such a large part of the total cost in textiles, repre- 
'sents the main competitive battleground. In other words, when over- 
production is having its bearish effect, price-cutting sets in; and the only 
way this can be continued is through wage-cutting. At the depths of the 
depression, particularly in the year 1932, the effect of this upon existing 
wage scales was shocking. The worst feature of all was that the industiy 



Couriesy, ** Textile JVorld' 


Fig. 3. This is the 125 ft. long dryer through which the carpeting passes The 
dr 3 »er is divided into two sections, the first maintained at about 310° F., the second 
at about 260° F Three circulating fans control flow of warm air througli dr>"cr. 
Approximatelj" 22 min is required for the carpet to travel from one end of the dty'cr 
to the other. Dining drying, the rubber backing expands to over in. in thickness 
and becomes cushion-hke and springy; also the flock becomes firmly cemented in 
place Inset shows drj'er controls. In case of emergency the entire machine can 
be stopped by pressing a single button. 

was apparently powerless to stop it. Made up of numberless small units, 
and prevented by law from acting in concert, there was notliing that one 
manufacturer could do but follow the lead of his possibly more ruth- 
less competitors. All the premium supposed to be inherent in good 
equipment and good management vanished before ihe collapse due to 
price and wage-chiseling. 

It was for that reason that the textile industry took the greatest interest 
in the development of the NRA; in fact, it became the first guinea pig. 
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since the cotton-textile code was NRA Code Number 1. Even in advance 
of the act, the industrj^, through the Cotton-Textile Institute, voluntarily 
lestricted its weekly hour scale by reducing it to 55 hours for day work- 
cis and 50 hours for the night shift, and by eliminating the night em- 
ployment of women and minors. This was followed by the still more 
radical step of setting a maximum of a 40-hour week, just before the KRA 
went into effect. In fact, this action was probably responsible moie than 
any other for the coming of the 40-hour week to industry. 



Fig 1 Protection against fire at any point m the dryer is afforded by this 
nicnt EIe\cu cylinders containing fire extinguishing chemicals under pressure 
connected to the do'er at various points and controlled in such a manner that i . 
case of fire chemicals feed into e\eiy" part of the dryer. 


Despite the discouraging experiences in certain phases of the adminis- 
tration of the NRA codes, far-seeing men in the industr 3 ’’ icalized 
some such ceiling over hours and floor under w’ages represented the on } 
answer to a decentralized and overcompetitive industry. Furthermei’^j 
since it w^as neither practical nor legal for the industry’’ to act on its 
and to force noncooperators in line, it was apparent tliat some sort 
Government aid and supervision was necessarji The latest experience 
this direction has been under the Federal Fair Labor Standards Act, 
ularly known as the ''Wage-Hour Law.'' The industry's scale of ' 
mum wages and of actual wages is now at the highest in its history* 
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Merchandising problem. Obviously, the main problem facing the tex- 
tile industry is to develop new pioducts, to reduce the cost of existing 
products, and to compete more effectively for its share of the consumer 
dollar. 

This requues a positive — ^not a negative — attitude, since many other 
industries aic encioaching upon tlie textile doinaiiu Paper products have 
made serious inioads into many of the household uses for textiles This 
is just one example Textiles must not only hold their ovm, but must 



Courtesy^ *'TcvUlc World * 


Fig 5 Aftej diying, cloth cooled biu^hcd, lightly steamed and oil spiayed, 
inspected, tummed along edges, and ^^ound on loHs The machine can handle car- 
peting lip to Si m m width, lop ptoduction speed is approximately 10 ft per mm 
To make mgs, taipelmg can be sealed with latex 


develop ways of going ahead At the moment, tins is the subject of a 
major promotional drive under the auspices of groups identified with the 
cotton-textile industry. Other divisions of the industry have a similar 
problem still to face 

Tied in with this promotional need is the need for technical research. 
This has been recognized by the Textile Foundation and the United 
States Institute for Textile Research, which have made considerable 
progress in this field during the last decade and have just announced a 
working arrangement pointing toward a more effective program. 
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The industry-wide efforts require also individual jobs in merchandising 
on the part of the various companies. 

Conclusion, It wall be noted from the above that the textile industrj^ 
has suffered grief enough in the last two decades. The encouraging les- 
son to be dravTi from this brief analysis is that those companies that have 
weathered the storm and are still doing business, as well as the new com- 



Pig. 6. Finished carpet created without benefit of spinning frame or loom. 


panics tliat have come into existence, face — and know that they face—a 
situation in which there is no Santa Claus. Their present policies and 
their present determination represent, in this writer's opinion, an excel- 
lent guide for those who want to study what happens to an industr}^ 
it goes on tlie rocks. The textile industry is emerging from a depression 
of nearl)^ two decades. It gives promise of being one of the leaders o 
American industry in technological development, social awareness, re- 
search, and merchandising aggressiveness. 


The Cotton-Growing Industry 


The Cotton Crop of the United States 

Cotton is one of the leading crops in the United States today, when 
considered from a money-yielding standpoint. The value of the farms 
on which cotton is produced, including all personal property and im- 
provements, is about 89,000,000,000. In monetary value, it leads all 
crops except corn. 

Cotton is the main crop of the South. Each year prior to 1934, from 

40.000. 000 to 46,000,000 acres were planted with it, and the yield ran from 

10.000. 000 to 18,000,000 bales of 500 pounds each. In 1940, the acreage 
was about 25,000,000, yielding a total production of about 12,000,000 
bales of cotton There are 17 states where cotton is grown. The cotton- 
growing industry is located in these states because of the favorable cli- 
matic conditions and the relative abundance of comparatively cheap 
labor. There are more than 6,000,000 individuals employed in the pro- 
duction of this staple, and more than 10,000,000 people arc living on 
farms that produce some cotton. Tlicre are over 500,000 people em- 
ployed in manufacturing cotton goods, the value of which exceeds 81,500,- 
000,000 annually. 

Factors in Determining the Value of Cotton Staple 

The value of cotton is determined, first, by grade and, second, by 
length. The term grade includes the color and the amount of foreign 
matter, such as small particles of leaves and stems mixed with the Imt 
The length of staple as a rule varies from % of an inch to more than 
2 inches. Other things being equal, the value of staple is determined 
by the length. While the price of cotton is based on grade and staple 
length, other factors — such as fineness of fiber and strength of the raw 
cotton — are receiving increased attention on the part of manufacturers. 
Strength is especially important, since, in a large measure, it determines 
the use to which the cotton can be put. Recent researches of the United 
States Department of Agriculture and other agencies have icvcaled tliat 
variety of cotton and conditions under which a crop is grown ir.flucncc 
fineness, strength, and spinning value. The wall of the cotton filer is 
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made of chains of crystalline cellulose, which are laid down at an angle 
to the longitudinal axis of the fiber. All cotton has the same general 
structure, but the angle of the cellulose chains to the axis on the fibei 
varies with variety and growth conditions; and the angle, in turn, is 
related to strength, the smaller the angle the stronger being the cotton. 
Varieties with small angles and greater strength are being selected for 
uses where strength of 3 ^aru is especially important. 


Species and Varieties of Cotton 

There are many different species and hundreds of different varieties of 
cotton, but the commercial production in different parts of the world is 
limited to a relatively small nuniber of species. Since certain plant 
characters and fiber properties are inherited and are peculiar to particular 
species and varieties, the kind of cotton grovm in the different sections of 
the cotton-producing countries has become very important. The Ameri- 
can Upland type {Gossyphtvi Jiirsiiium) comprises more than 99 per 
cent of the acreage planted in southern Brazil, in Central and South 
Africa, and in Russia; and it comprises a part of the acreage in other 
important cotton-growing countries. The Egyptian and Sea Island 
varieties [Gossypium barbadense) are also of American origin and arc 
grovm rather widely, but only in relatively large acreage in Egypt 
Ti>e cotton of India and other parts of Asia is of Asiatic origin 
syphim herbaceitm), and is usually shorter and coarser than the varieties 
and strains that have been developed from the American Upland. In 
of the cotton-groping countries, there are large numbers of varieties an^ 
strains of the particular species that is groum. In the United States, 
there have in the past been listed as many as 1,200 different varieties or 
strains. The commercial breeders are producing new varieties ever} 
year, and many of the older ones are being discarded. Under the presen^ 
plan of standardized production in one-variety communities, effort 
being made to standardize production on a small number of varieties 
superior quality and productive capacity. jMore than 4,000,000 aerfo o 
our production at the present time are in one-variety communnics 
The bulk of the American crop is now planted to less than 20 varieties 
Intensive breeding v^ork has resulted in increase of the average slap 
length and increase in productiveness of the American varieties, bm 
certain fiber properties that contribute to use values have been found 
be defimtel}’’ inlierited, some of the more progressive manufacturers ^ 
buying cotton of particular varieties from standardized one-variety are ^ 
for special uses. 


Production of Cotton 

Cotton is planted in the cotton belt in the early spring, soon after 
danger of the frost is over. Like coni or any other intertilled er 
cotton is planted in rows. Practically all wwk in the cotton fiei 
done by mule-drawm machinery, with the exception of hoeing and 
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ing. Tractor cultivation is coming into general use, however, and the 
number of mules on the cotton farms is steadily decreasing. Mechani- 
cal pickers, though not perfected at this time, may eventually be a 
reality". The perfection of such a machine, in the opinion of some 
economists, may practically destroy the small cotton grower, just as the 
combine has limited wheat growing in the Central West. 

When cotton is fertilized, the fertilizer is usually applied before plant- 
ing. The amounts and kind of fertilizers vary with the class of soil 
A common practice is to use from 200 to 800 pounds of a fertilizer analyz- 
ing 4 per cent nitrogen, 10 per cent acid phosphate, and 4 per cent potash' 
In the past, this has cost around $2 per 100 pounds Usual!}’' this fer- 
tilizer will pay when cotton sells for 10 cents per pound or over. Some 
cotton is fcitilized with a side dre^sing of nitrogen or nitrogen and potash 
soon after it is worked out, which as a rule is in the month of June, 

Problem of reducing production costs. The farmers of the cotton- 
producing part of the United States, led by the Agricultural Extension 
Service of the Colleges of Agriculture represented by the county agricul- 
tural agents, arc giving much attention at this time to the cost of pro- 
duction and methods for reducing it. They are planting more green 
manuring crops and adopting other soilrimprovement practices; they are 
using more productive varieties and strains; they are studying cost of 
production per man as well as production per acre; they are figuring on 
the exchange value of their products; and they are eliminating waste and 
making every effort to compete with “big busincss^^ in mass production. 

Cotton growing. Cotton is planted in rows, which are slightlj’’ ele- 
vated to iiibure proper drainage in early spring. From 1 to lYo bushels 
of seed are used per acre The land generally is well prepared before 
the seed is jilantcd, and cultivation is accomplished by two mules draw- 
ing a cultivator that works one row completely. When the cotton is 3 
to 4 inches high, it is thinned out in hills 12 inches apart with two to 
three stalks left in each hill. On the best farms, the cotton is worked 
each vreek or 10 drys tlicrcaftcr until August 1, or until it gets so large 
that the implements cannot be run without doing damage to the plants by 
breaking off limbs and matured fruit. The acreage each laborer is 
given is limited to the amount that he can work in this length of time. 

The cotton plant is unlike a great many crops in that it continues to 
bear fruit until there is a killing frost. The cotton matures from the 
ground up, and it is not unusual to see open bolls of cotton and blooms 
on the same plant. From this statement it can be seen that an unusually 
early frost in the cotton belt materially decrea^s the yield. On the 
other hand, an unusually late frost will add many thousands of bales to 
the yearns crop. 

Picking the crop. Cotton picking, which is done by hand labor and 
is paid for by the 100 pounds, begins in southern Texas in July and in the 
northern part of the belt 8 weeks later. As a general rule, it takes 
1,500 pounds of seed cotton to make a 500-poimd bale of lint. The price 
paid cotton pickers ranges from 50 cents per 100 pounds in years of de- 
pression, such as 1931, to SI. 50 per 100 pounds in years of easy money 
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The average cotton picker of the South Avill gather about 200 pounds of 
seed cotton a day. Exceptionally good pickers can pick 400 pounds, 
and records up to 1,000 pounds a day have been made. 

Gathering, ginning, and baling. T^Hien cotton picking begins on the 
average farm, the common farm wagon is equipped to hold the amount of 
cotton required to make a bale. This cotton is gathered in long sacks 
and emptied into the wagons, ^^^len sufficient seed cotton is accumU' 
latcd, the wagon is hauled to the gin, where the^ seed is separated from 
the lint. Enough seed is returned to the farm to plant the following 
year’s crop; and the balance is sold to the gin, which, in turn, sells the 
seed to the oil mill. The ginner charges 20 cents to 35 cents per 100 
pounds of seed cotton for ginning, and from SI .00 to $1.25 for the jute 
bagging and iron ties that he uses to wrap and bind the bale. There are 
many gins in the cotton belt owned hy the same capital that ovms the 
land, but the larger propeilion of the cotton is ginned by public gins that 
have no interest in the cotton that they are ginning, other than to render 
satisfactory service and collect a legitimate price for their work. 

In standardized one-variety communities, the gin might be o\Mied 
co6perativel3’’ by the community or by an individual who operates it m 
the interest of the group of growlers. In either case, no cotton is ginned 
except of the particular variety on which the community is standardized 
In this way, the planting seeds are kept free from mixture with other 
varieties. 

Warehousing baled cotton. After the cotton is ginned and placed m 
a bale by the gin operators, it is then carried to some form of store- 
house. The majority of these storehouses are Federal-licensed ware- 
houses and compresses combined. When cotton is placed in a warehouse, 
a receipt is issued in the name of the owner. These warehouse receipts 
are negotiable pieces of paper secured by the stored bales of cotton m 
question. They are handled by banks, cotton factors, and commercial 
organizations throughout the South that deal directly in cotton or accept 
cotton as a basis for credit. These warehouse receipts show the weight 
of the bale, the grade, and, in manj^ areas, the staple, though this JS 
not common over a large part of the territory. 

Shipping cotton. Before the cotton leaves the compress, it is repressed 
to such a density that it can be stored in a space about one third of pa 
it required when it came from the common gin. In this condition, it 
hauled in trucks or shipped in box cars to factories in the United States 
or abroad. It is a matter of common knowledge that American cotton^ 
as it is prepared today for export, is not a very attractive article, an 
much could be done to improve its appearance. The export bales are 
ragged and most unattractive in appearance. 

r 

Cotton By-Products 

There are numerous b3’’-products of cotton, but by far the most uU' 
portant one is the seed. Cottonseed oil is used extensively in saia 
dressings, shortening, and similar foods. It is also used in pa^^ ^ 
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and in making substitutes for rubber and numerous other articles. 
Cottonseed meal is one of the most valuable stock feeds known, and is 
used extensively in feeding dairj’’ and beef cattle. The same use is 
made of cottonseed hulls. The extremely short lint that remains on 
the seeds as they come from the common gin is too short to spin into 
cloth and is knonm as ^^linters.^* This, after being removed by the 
cottonseed-oil mill, is used in making exiilosives, such as guncotton. 
Rayon and many other such materials are ako made from linters. 
There has been some experimental work done ii'i trying to make paper 
from cotton stalks, but, to date, this has not proved economical because 
of the large supply of paper pulpwood and other materials from which 
paper can be made. 


Marketing Methods 

The marketing of cotton is a complicated but well-established process. 
There are several methods commonly used in the South today. Accord- 
ing to the oldest method and also the one that handles the larger pro- 
portion of the crop, the grower, after placing his cotton in the compress 
or warehouse, takes his warehouse receipt and a sample of his cotton and 
sells to the local cotton buyer, who attempts to value the cotton, taking 
into consideration grade and staple and other factors that determine 
quality and value. In many cases, the growers sell their cotton to the 
local buyers directly from the gin yni'd or from the wagon on the street. 

Another common method, which is practiced by the larger growers, is 
to display’' the samples of cotton on a table in their own offices or in the 
office of some cotton broker. Cotton buyers visit these tables and buy 
the cotton for which thc}^ have orders. If the cotton is on the table 
of a broker, the broker receives a small fee for the service that he has 
rendered. 

The third and newest type of sales agency is the cooperative associa- 
tion. Some of the largest and many of the smallest cotton growers of the 
South belong to these organizations. The coopcjrative associations are 
incorporated. They are farmer-owned and farmer-controlled. They 
have, in their employ, some of the best-trained classers and salesmen that 
can be found in the cotton industry. These organizations have regula- 
tions whereby the grower can consign his cotton to his association and 
receive an advancement up to 90 per cent of the value of the cotton at 
the time of delivery. He uses this to pay off his indebtedness, to liqui- 
date any other claims, or to meet expenses. The remaining 10 per cent 
is paid him at the end of the season, after deducting the actual cost of 
operation of the association. It is the theory that a farmer who puts his 
cotton in an association is assured that it will be sold according to grade 
and staple. He is also assured of receiving the average market price. 
He does not receive the highest price for the year, but neither does he 
receive the lowest. 

In one-variety communities, the ginner often buys the crop from the 
individual growers and sells it in large even-running lots to cotton mills 
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or to brokers, .In other cases, the ginner handles the cotton on a 
cooperative basis for the community. 


World Competition in Cotton 

Prior to about 1935, the United States had been able to dominate the 
world cotton market, but this power has been seriously threatened by 
the competing countries of the world. During the period from 1910 
to 1914, the United States produced 62 per cent of the world^s crop. In 
1930, we produced only 53 per cent of the total ; and in 1933, the total 
foreign production (13,843,000 bales) was slightly larger than the 
United States crop (13,047,000 bales). Every year since 19334934, 
foreign production has exceeded that of the United States. For 1938- 
1939, our crop was about 12,000,000 bales, while the total foreign pro- 
duction was about 17,000,000 bales. 

Outside of the United States, the largest producing countries arc 
India, with from 4,000,000 to 5,000,000 bales; Soviet Russia, with from 
3,000,000 to 4,000,000 bales; China, with from 2,000,000 to 3,000,000 
bales; Egypt, with from 2,000,000 to 2,500,000 bales; and Brazil, 
about 2,000,000 bales a year. While Russia increased her cotton pro- 
duction from less than 1,000,000 bales during the period from 1910 to 
1914 to 3.800,000 bales in 1938-1939, the entire croj^ is consumed in that 
country. On the other hand, a large part of the Indian crop, almost a 
tlie Egyptian crop, and about one half the Brazilian crop arc sold to 
other countries. Brazil has doubled her cotton production during tie 
past 6 years and lias large areas of undeveloped land that woula e 
suitable for cotton production There are about 60 countries that gro\^ 
some cotton. Increases in production in many of the minor producing 
areas have greatly added to the total supply and increased the 
surplus. Between 1920-1921 and 1937-1938, Peru increased her pro- 
duction from 175,000 to 415,000 bales. During this same peno j 
Argentina increased her production from 25,000 to 238,000 bales, 
hers from 100,000 to 340,000 bales, Sudan hers from 25,000 to 260, 
bales, Turkey hers from 95,000 to 300,000 bales, and Uganda hers nO 
70,000 to 350,000 bales. 


Methods of Financing the Cotton Grower 

The cotton grower in the United States is financed in a number ej 
ways. By far the largest percentage of cotton is grown by the sm ^ 
farmer, who: (1) finances himself from the sale of other products oi 
farm; (2) borrows cash from the Federal Loan Agency, a local jy 
gin, or Cotton Financing Company; or (3) is supplied by the 
merchant. The supply merchant operates in many different wa^) 
usually he begins to furnish credit to the small grower by March 
tlie middle of the cotton belt, and earlier in the extreme southern 
The farmer goes to the merchant and makes arrangement for the amu ^ 
of credit he needs In arranging for this credit, as a rule, he 
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uiorlpngc on his crop and ovcry(hing else he has. This indebtedness is 
liquidated in (he fall. However, if the farmer docs not have sufficient 
income to pay his indebtedness^ the merchant, at his option, doses the 
farmer out or carries the balance into tlie new year. This is a matter for 
the inerclmnt and farmer to decide, Of coiir.se, there arc numerous 
fanncM's throughout the South who have money in tlic hanks that they 
use for o])crnting expenses. In anotlicr typo of financing, wliich is fast 
disappearing, the largo grower secures money from wliat is known as n 
“cotton factor.” The cotton factor, in turn, takes a mortgage on tlic 
crop similar to the mortgage that is taken b}" the supply merchant from 
the small operator, Tii tliis case, tlic farmer sends his cotton to the 
cotton factor, who selW this cotton for him and applies the ])roccods to 
the indebtedness. In .'■ome sections, Cotton Financing Companies have 
taken the place of the cotton factor, and provide both cash and certain 
supplies to the farmer during the growing season. 

Operation of the Cotton Plantation 

Although the bulk of the cotton grown in tlic South is raised by tlic 
small producers, much has been written about the large cotton planta- 
tions. Tliosc plantation^? arc worked in tlic main l^y Negro labor. They 
are found in the delta of the Mississippi River, in Arkansa*?, ^Mississippi, 
and Louisiana. Situated somewlicro at an advantageous spot will be seen 
the plantation headquarters, which, as a rule, consist of a store, a resi- 
dence for the supervising forces, and tlic gin where the jfiantation cotton 
is cared for At one time, this store was the place where the tenants 
obtained groceries, clothing, and the other necessities of life, which were 
charged to their accounts. This system is going out of use, however, for 
now cacli tenant u‘?ua!ly receives a check or cash monthly, and the store 
has to compete with otlicr mercantile cstablislimcnts in getting as much 
of this money back as possible. 

The large plantation employs three tyjics of laborers First, there 
arc the day laborers, who work for the owner or operator of the planta- 
tion by the day and receive pay each Saturday night for the time put in 
that week. The second type of laborers arc the half-hands. Wlien 
this kind of labor is emplo3^ed, the landlord furnislies the land, mules, 
and other equipment neccssar}^ for the growing of a crop, and the half- 
hand furnishes the labor, for which he receives one half of the sale price 
of all crops grown or sold. As a matter of fact, he grows very little but 
cotton, because this is the only crop that he personally is interested in. 

If he BO desires, however, the landlord is perfectly willing for him to 
grow corn, potatoes, and other crops. In fact, the landlord has come 
to realize that it is important that this half-hand have a good garden 
and be as nearly self-supporting as possible. The third and most 
dependable type of labor for the large farm is that which rents either 
for money or for a share of the crop. Laborers of this class are called 
“renters.” The landlord furnishes the land only, and the renter furnishes 
the mules, plows, seed, and everything else incidental to the growing of 
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the crop. If he paj^s a crop rent, the landlord receives one fourth of tlie 
cotton and, as a rule, one third of the corn. 

In a general ^vay, it might be said that the day laborers on large 
plantation^ are the young Negroes — ^mostl}'* sons of the renters — ^the 
share croppers are the young married Negroes, and the renters are the 
older settled families. In otlier words, the laborers on these plantations 
progress. First, they are day laborers; second, they are half-hands; and 
third, they are renters. AYhcn the disparity between tlie price of cotton 
and the price of things that the farmer must buy is not too great, the 
more thrifty ones save enough money so that, by the time they are 50 
years old, they can buy a small farm and be comparatively independent 
There arc numerous Negroes throughout the South who large and 
small farms, according to their ability. Of course, it is generally under- 
stood that the majority never reach this stage. However, this is not 
because the opportunity for acquiring land is not available in prac 
tically every locality. 


Cotton Posts 

The cotton crop is affected hy a number of insects, the most serious ot 
which at this time is the boll weevil. The injury caused by this pest is 
being overcome by using early-maturing, rapid-fruiting varieties of 
cotton and by the use of fertilizers and cultural practices that hasten 
maturity. The use of calcium arsenate as a weevil poison is usually 
effective, but the results are not always satisfactoiy, and tlic expense oi 
equipment needed for the operation discourages its use. The cotton- 
leaf caterpillar, anotlier insect that defoliates the plants, can be easih 
controlled by any arsenical poison. Red spiders are controlled by dust- 
ing with sulphur. The cotton pink bollworm, a pest much dreaded by 
the cotton farmer, is being successfully confined in the limited areas that 
it infests by a rigid quarantine established by the state and Federa 
governments. 

The cotton crop of the United States is affected, not only by insects, 
but also by a number of diseases, such as boll rot, leaf spot, and wil • 
These diseases are being studied by the Agricultural Experiment Stations 
and can be controlled to a limited extent. 
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The Early History of Rubber 

Discovery. Legend has it that the first 'VN'hite man to come into con- 
tact with rubber was Christopher Columbus. It is believed that on his 
visit to the island of Haiti in 1492, he noticed Indian boys playing a game 
with an elastic ball. He learned that the ball was made from a milky 
substance obtained by cutting the bark of a certain tree, and that this 
substance upon contact with air tended to darken and harden and become 
an elastic mass. 

When the Portuguese colonized Brazil, they discovered in the valley of 
the Amazon River great numbers of the trees from which this same milky 
substance could be procured. This substance is known as 'fiatex” and 
contains the rubber of commerce, besides water and other material. 
It is found in special elongated cells in the inner bark of the tree. Wlien 
the bark is cut, these cells are severed and for a short time the latex flows 
freely. If, in cutting the bark the ^^quick” of the tree (cambium layer) 
is not injured, the bark renews rapidly. 

A Frenchman named La Condamine, who was a member of a South 
American expedition, sponsored by the Paris Academy of Science in 1731, 
in his diary mentioned “Hevea*^ trees, from which was obtained a 
liquid used by the Indians in making crude waterproof clothing, boots, 
and water bottles. 

Early methods of procuring and treating rubber. When commercial 
demand for articles made of rubber developed, the only source of the raw 
material was in the jungles of Brazil, where the rubber trees grew wild. 
The only means of penetrating these jungles are the waterways of the 
region. While these permit access to the places where the rubber trees 
flourish, they also prevent the gathering of rubber because during the 
rainy season each year, from November to May, they overflow their banks 
and flood the surrounding country, making it impassable. 

Therefore, at the end of the rainy season, bands of natives equipped 
with food supplies and other necessities for their labor went by boat or 
canoe up the Amazon River and its tributaries and established central 
camps in the rubber regions. Each tapper, as he was termed, was 
allotted a certain number of trees to be visited and tapped each day, these 
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being arranged in a regular route. The native tapper would go into the 
forest and with a hatchet gash long wounds in the rubber trees, placing 
small receptacles at the bottom of tliese gashes to catch the milky latex 
which oozed from the wounds. After haxdng tapped possibly 70 to 100 
trees, the tapper would go back over his route collecting in a large pail 
the latex that had flowed into the smaller receptacles on each rubber tree. 
This pailful of latex then was taken to the central camp where the tapper 
built a fire of wood and specially collected palm nuts, over which was 
placed a clay flue to concentrate the smoko. By pouring a little of the 
latex on a long wooden paddle and rotating the paddle in the hot smoKC 
from the fire, the liquid was evaporated from the latex, leaving as a resi- 
due on the paddle a thin layer of pure rubber. By continuing this proccs- 
there was built up layer upon lax^er of rubber until tliere was formed a 
large mass, usually termed a '^biscuit, about 10 inches in diameter mid 
ly^ to 2 feet long, weighing in the neighborhood of 70 pounds, representia? 
a day’s work for the tapper. At the end of the dry season, the natne 
tappers w^ould take the biscuits to the primary rubber markets at the 
sea coast and sell them to representatives of American and European 
rubber importers. 

Early uses of rubber. The earliest known use of rubber was made b> 
the natives in the Amazon Valley, who devised crude waterproof boot^- 
by pouring latex on their feet and legs and permitting it to o.xidize in tiic 
sun. By spreading a thin film of latex on cloth and liardcning it by ca- 
posurc to sunlight, or by smoking it, the natives were able to make ratner 
crude but quite effective waterproof garments. They also made vesse r 
for holding liquids. 

To Dr. Joseph Priestley, the English scientist who discovered oxygen 
is given the credit for applying to this elastic substance ihc name by v. 
English-speaking people know it. Happening to obtain a ball of 
hardened gum, he found it would erase pencil marks, which 
to him the name “rubber.’' . 

In 1823, an Englishman named Charles J^Iackintosh discovered 
could waterproof garments b}" putting a layer of rubber dissolved 
naphtha between tvo fabrics. Tlie name “mackintosli’* h still urcd «?> 
many people when referring to cloth-surface raincoats. ^ , 

Another pioneer English manufacturer of rubber goods was 
Hancock, who utilized rubber in the production of air piliov>, 
hn«^c% waterproof mail bags, carriage tires, and numetou'^ other \ 



History of the Rubber Industry in the United States 

All of the early manufactured rubber articles had one buMc 
they were very sensitive to temperature cliange>. When 
they would become soft and sticky and even melt. v. Idic cold 
hard and ,**tiff. 



THE RUBBER INDUSTRY 


251 


Discovery of vulcanization by Charles Goodyear. An American 
named Charles Goodyear is generally recognized as the man who really 
discovered how to overcome this difficulty. After experimenting for 
nearly 10 years trying to find a means of rendering rubber firm and yet 
flexible regardless of temperature, in January, 1839, he reached the solu- 
tion of his problem. He accidentally dropped upon a hot stove part of a 
mixture of rubber, white lead, and sulphur. Upon examining the result- 
ing charred lump, he noticed that through its contact with heat a change 
had taken place in it. When it cooled, Goodyear found it could be bent 
and easily stretched without breaking and that despite repeated stretch- 
ing it would always snap back to its original shape. It was no longer 
sticky, nor did exposure to extreme cold make it stiff. The process he 
had discovered he termed “vulcanization,” after the Roman god of fire, 
Vulcan. 

Early beginnings of the industry. Following Goodyear's discovery 
of the method for overcoming the basic deficiency of products manu- 
factured from rubber, there began to appear throughout New England 
factories engaged in the manufacture of rubber boots and shoes and 
waterproof fabrics. The number of these factories slowly increased as 
the public began to become familiar with the possibilities of utilizing rub- 
ber in connection with the economic and social life of the nation. With 
the invention of the automobile and the adoption of mass production 
methods which made it possible to manufacture at prices within the means 
of millions, rubber factories sprang up throughout the country to supply 
this new industry's requirements of tires, tubes, and other accessories. 

Leaders in the rubber industry. Many prominent men have been 
identified with the rubber industry, but perhaps the outstanding per- 
sonages who have contributed most to the development of the industry 
are: Charles Goodyear, Dr. B. F. Goodrich, Colonel Colt, F. A, Seiber- 
ling, H. S. Firestone, and George Oenslager. 

Rubber Plantations 

General geographical location. As has already been stated, rubber 
trees grow wild in the Amazon Valley and other portions of South America 
having a similar hot, damp climate. These trees require high humidity 
and heavy rainfall and a uniform temperature of about 90 degrees 
during the day and not lower than 70 degrees during the night. Climate 
of tliis sort is found only between latitudes 30 degrees north and 30 de- 
grees south of the Equator, and this zone extending around the world 
between these parallels is Icnoxsm as the “Rubber Belt.” The greatest 
amount of rubber used commercially, however, comes from what is 
termed an “Inner Rubber Belt,” which extends between latitudes 10 
degrees north and 10 degrees south of the Equator. Tliis belt includes 
not only the Amazon Valley, but portions of Bolivia, Peru, and Vene- 
zuela in South America; Belgian Congo and Liberia in Africa; Ceylon, 
in the East Indies, and the Philippine Islands in the Pacific Ocean. 

Shrubs containing rubber. Besides the rubber trees, there are numer- 
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ous shrubs containing rubber. The chief of these is guayule, a native of 
Mexico. Through the efforts of an American company, this shrub has 
been cultivated on large plantations in Mexico, and in recent years it has 
been introduced into southern California. 

First cultivated nibber trees. Prior to 1876 the principal source of 
Hevea rubber, the variety which enjoys chief commercial demand, was 
the Amazon Valley. An Englishman, Sir Heniy Wicldiam, was familiar 
with the difficulties of gathering rubber in the Brazilian jungles and was 
aware of the growing resentment among rubber manufacturers because 
of the Brazilian Government's maintenance of high rubber prices tluough 
artificial means. He also knew that manufacturers w’ere becoming in- 
creasingly dissatisfied wdth the wmy in wdiich rubber reached the market, 
for it usually contained dirt, bark, and other impurities, and there was 
great variation in quality. Wickham conceived the idea that rubber 
trees could be cultivated on the coffee plantations in India, where the 
soil and climatic conditions were similar to those in the Amazon Valley 
where wild rubber trees flourished. He succeeded in eluding the vigilance 
of the Brazilian Government by smuggling out of Brazil a large quantity 
of carefully selected and packed Hevea seeds, which he caused to be 
planted in Ihe Botanical Gardens in Kew, near London, England. TlTien 
the seedlings had sprouted, they were sent to Ceylon for planting. 

4 years they were ready for tapping, and so demonstrated the value o 
Wickham's idea. 

Present-day great rubber-producing areas. Erom this small hegia** 
ning has developed the present acreage of rubber plantations m tne 
Middle East, where it is estimated that more than 8,000,000 acres o 
cultivated rubber trees now constitute the w^orld's principal rubber- 
growing region. This region comprises the Malay Peninsula, tha 
portion of Siam included in the Malay Peninsula, the Islands of Ce 3 'Ioaj 
Sumatra, Java, and Borneo, French Indo-China, and Burma in Britisii 
India. , 

In 1900 onl 3 '' 4 tons of plantation rubber were produced, as comp^ire 
wdth 26,750 tons from Brazil and 27,000 from other countries in Soutn 
America and Africa, where wild rubber flourishes. In 1939 
rubber production amounted to 975,000 tons, as compared with 16, W 
tons of wild rubber from South America and 9,600 tons from other wilu- 
rubber-producing countries. 

The site of a rubber plantation is of vital importance since the rub sr 
tree requires favorable climatic and soil conditions and there mus ® 
available a stable labor supply and convenient shipping facilities. 

Approximately 97 per cent of our total imports of crude rubber no 
come from the Middle East (British Malaya, Netherlands Indies, Ceylo^^ 
French Indo-China, British India, Thai, and so forth). African plaota- 
tion rubber and wild rubber from tropical America account for ^ 
the balance. More than 8,500,000 acres are planted with crude rubf 
in the Middle East area, approximately all but 350,000 acres 
are now in bearing. The area has a potential current annual proaucti^'^ 
capacity of at least 1,800,000 tons. Since 1920 the per-acre average pr 
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duction has increased from 400 pounds to 500 pounds in 1940. Bud 
grafting and more scientific planting methods are constantly raising this 
average. In the near future there will be nearly 1,000^000 acres of 
grafted rubber having an average yield of 1,000 pounds to the acre. 

Two extremely important effects of this greatly expanded acreage and 
pcr-acre output have left their mark on the rubber manufacturing indus- 
try during the past 20 years: (1) a violently fluctuating price until the 
last 6 years; and (2) producer export and output control. 

In 1919 the average New York price of ribbed smoked sheet was 48.7 
cents per pound. By 1921 the price had fallen to 16.4 cents per pound, 
before beginning a climb to an average of 72.5 cents per pound in 1925 
under the Stevenson Restriction Scheme and falling to the average 1932 
depression low of 3.4 cents. In 1939 the average price was 17.5 cents. 
In many individual 3’’cars the spread was greater than is indicated by 
these annual averages, touching for instance a high of $1.23 in 1925 and 
a low of 2% cents in 1932. For much of the twenties and early thirties 
tlic rubber manufacturing industry of necessit}^ found that gambles with 
crude-rubber price trends outweighed in the financial statements gains or 
losses in finished product sales. A real need was felt for reasonable price 
stability. 

The first producer attempt to control prices, the Stevenson Scheme, 
failed because it was not sufficient!}’' inclusive. The artificially high 
prices produced by this control effort had actually the opposite effect, 
and huge new production acres were planted during the pre-1929 years. 
]Much of this acreage came into bearing when the demand for crude rubber 
dropped with automotive production in the early thirties. The result- 
ing price collapse was so complete that in 1934 the International Rubber 
Regulation Committee was set up, composed of representatives of British, 
Dutch, French, and Thaian producers in the Middle East, and encoui'aged 
by the governments of those countries which signed a treaty giving effect 
to a producers’ agreement outlining a joint method of export control. 
An Advisory Panel of representatives from leading consuming coun- 
tries was appointed to offer advice and furnish information on likely 
consumption trends to the International Committee; basic quotas for 
each producing country were set up, and regular committee meetings ar- 
ranged to fix ^'pei‘missible exportable allowances” of the basic quotas 
which could be shipped in ensuing quarters or 6-month periods. 

In so far as the effect of the formation of the International Rubber 
Regulation Committee on the American manufacturing industry is con- 
cerned. it would seem that we have benefited from a relatrtely more 
stable price and undergone a period of sharply declining stocks Our 
low point in stocks was reached in November, 1939, when we had 105,205 
long tons on hand. At the end of July, 1940, our stocks had risen to 
190,222 on hand, as well as 139,629 afloat. (In July, 1939, we had only 
52,990 tons afloat.) The trend is now definitely upward. 

Preparation for planting. In preparing for the planting of rubber 
trees, it is necessary to clear away the dense tropical jungle and other 
vegetation, after which rubber tree seedlings are transplanted on the 
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cleared area. Native labor is employed for these operations and for 
subsequent cultivation of the rubber plantations^ including the cutting 
back of jungle growth which might impede the gro*v\i:h of the rubber 
trees, or the planting of cover crops betw^een the trees to keep down jungle 
growth, as well as the fertilization of the soil and necessary ditching and 
draining to assure proper irrigation and to prevent excessive soil erosion 
during the rainj^ season. 

Plantations range from the large ones of thousands of acres in area, 
generally controlled by European capital, to the small gardens of the 
native population, ranging from a fraction of an acre to 100 acres or more. 
Substantially the same methods are employed in native gardens as in 
the large estates, except that the former are more densely planted and 
usually are interspersed with such indigenous crops as rice, pineapples, 
cassava, and so forth. 


Modern Methods of Procuring and Preparing Latex for Manufacture 

Tapping the trees. When rubber trees reach the productive age of 
4 or 5 3’'ears, the^" are tapped bj^ carefulty making with a very sharp, thin, 
speciallj" designed knife a diagonal incision the depth of the bark, from 
a quarter to halfway" around the tree, about 18 inches from the groun 
The original wound is widened in subsequent tappings bj" stripping o f 
in the same manner, veiy^ thin slivers of bark; it is essential tliat t e 
incision should not extend into the woody part of the tree. The latex 
or liquid rubber flows from this wound into a cup at the end of tha 
cision, which heals when the tree has given up all the available la ex 
from the particular cutting. , 

Manufacture of rubber. The latex is collected and taken to a cento 
station where the particles of rubber are extracted b}’' pouring the la c. 
into containers, to which acetic acid is then tadded. This causes ru e 
particles to coagulate and come to the surface in a thick sheet. Fomi^ 
matter such as chemicals, bark, twigs, dirt, and so forth, is removed 3 
tearing the coagulated mass of rubber to pieces in a machine, after w i 
it is washed and passed between ribbed rollers which compress 
into sheets of uniform thickness. These rubber sheets are then dned a 
smoked for a period of approrimatety 2 weeks. This process ^ 
to them a dark-browm color, which accoimts for their designation Ri 
Smoked Sheets. Another grade of rubber knowm as Pale Crepe is 
duced from the basic latex by adding to the coagulating agent, acetic aci^^ 
a small quantity of sodium bisulphite. In the case of this grade, 
coagulated rubber emerges from the washing machine in a rough, ^ 
lar sheet and is hung in a diydng room while still wet. In thi^ 
room the sodium bisulphite exerts a bleaching effect on the rubber, aa 
emerges pale ^^ellow in color, which accounts for its designs 
Through less efficient methods are produced grades of rubber that 
some impurities such as rosin or bark, which necessarily result in a 
quality classification. The chief standard classifications of 
Ribbed Smoked Sheets, Latex Crepes, Brown Crepes, and Blanket 
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which, in turn, arc subdivided into numerous qualities of each grade. 

Principal rubber markets. Upon completion of the manufacturing 
process, the large sheets arc reduced to smaller sizes measuring approxi- 
mately 25 inches long by 15 inches V'ide, which are packed in wooden 
cases, burlap, or matting-covered bales and shipped to the markets where 
trading in rubber takes place. The principal primary markets are 
Singapore, Penang, Colombo. Batavia, and iMcdnn; Amsterdam, London, 
and New York are the leading secondary" markets. 

Shipping rubber latex direct. There have recently been perfected 
methods of shipping rubber latex direct io rubber manufacturing plants 
in the United States. This is done by treating the latex with ammonia 
as a preservative and shipping it from the Middle East in drums or in the 
ballast tanks of vessels. In the latter case it is transjiorted from the 
seaport to the factory in tank cars. 

Converting latex by flaking. Still another method of converting 
latex on the plantation is by 'Taking.” This process, developed by an 
Aracrican-owmed plantation, consists of permitting a thin stream of latex 
to flow from a tank upon a rapidly rotating heated disk located near the 
ceiling of what is knovm as a spraying room. This disk, by centrifugal 
force, throws ofT the latex in a spray of separate drops. The high tem- 
perature of the room evajDorates the moisture in the latex drops and the 
remaining pure rubber particles fall to the floor in flakes resembling snow. 
This "snow” is pressed into compact blocks, given a protective packing, 
and shipped to rubber manufacturing plants in the United States. 

Geographical Location of the Rubber Manufacturing Industry 

First rubber factories located in New England. In reviewing the 
history of the rubber manufacturing industry it is rather difficult to ac- 
count for the development of the different rubber manufacturing centers. 
The first rubber factory in the United States was the Roxbury India Rub- 
ber Company, Roxbury, Massachusetts, founded in 1832. Another plant 
was built in Springfield, Massachusetts, in 1841 to carry out Charles 
Goodyear's ideas following his discovery of vulcanization. Conse- 
quently, it was probably natural that the industry should first develop in 
that vicinity. Contributing causes may have been the fact that New 
England was then the manufacturing center of the United States, had 
developed power facilities, and possessed a skilled labor supply. Prob- 
ably another prominent reason for the development of rubber manu- 
facture there was the fact that the first products were principally foot- 
wear and rubber clothing, which naturally were marketed in the centers of 
greatest population, which were then in New England and adjacent states. 

Footwear factories in New Jersey. Beginning about 1858 there was* 
a development of footwear factories in the state of New Jerse}^ due, 
primarily, to proximity to centers of population and to seaports through 
which raw materials were imported and finished products exported. 

Location in the Middle West. The movement to the Middle West 
originated in about 1870, owing in a large measure to Dr. B. F. Good- 



256 


THE RUBBER INDUSTRY 


rich’s belief in the future of rubber manufacturing and tlie enterprise of 
businessmen in the Akron; Ohio, district. This was quite a fortunate 
choice because of the subsequent development brought about by the in- 
vention of the automobile, although it is probable the deciding influence 
in this movement may have been the proximity of the carriage-making 
industry, to which imbber manufacturers supplied pneumatic and solid 
tires. When these Middle Western carriage manufacturers metamor- 
phosed into automobile manufacturers, they found a source of tires 
already developed in adjacent territory in Ohio, so it was quite natural 
that the Akron, Ohio, manufacturers should develop in so astounding a 
fashion to the huge corporations of today. 

In the past the tendenc^^ has been toward centralization of manufac- 
ture, but in more recent years there appears to be a tendency toward 
decentralization for economy in distribution. This is evidently one of 
the reasons for the newly developed manufacturing center in Los Angeles, 
California, and the possible future development in the South, which also 
has the advantage of near-by cotton supply, in addition to low labor and 
power costs. 

Location in foreign countries. The tariff barriers erected by various 
foreign coimtries undoubtedly have had a decided influence upon the 
development of rubber factories in this countr3^ These barriers have 
forced American manufacturers to build factories in such foreign coun- 
tries to protect their export business developed over a period of 3’ears. 
Without such tariff barriers, it is logical to suppose there would have been 
a further expansion of existing American rubber factories to care for the 
constantly growing and profitable export trade in rubber products. 


Modern Methods of Rubber Manufacturing 

The initial steps in producing entirety dissimilar finished rubber articles 
are surprisingly similar. This is due, primaril}^, to the nature of the 
raw material, which requires certain preliminary treatment prior to u^® 
in anj^ definite form. 

Cutting and refining. After removal of crude rubber from storage at 
a rubber plant, it is taken from the shipping container or covering an 
sliced into easily handled segments. T\^en the lower grades of rubber 
are used, it is necessary to wash and dry and otherwise refine the crude 
rubber to eliminate foreign matter. 

The washing is done on a machine called a ^^cracker,” which consas s 
of two horizontal, parallel steel rolls. with corrugated surfaces operate 
in a fashion similar to the ordinary washing wringer. The action of the 
rolls softens the mass upon which streams of water constantly spray ^ 
wash out the foreign matter. The resulting rubber mass is then dried in 
vacuum heaters and, if the quality is very poor, is further refined in 
another wringer type machine ha\dng smooth rolls. To insure absolu e 
purity of rubber required for use in high-grade compounds, it is oi^n 
necessarj" to strain the rubber mass by forcing it through a strainer die 
inserted in a tuber-tj’pe machine. 
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Mixing the compound. The cleaned rubber now passes to the com- 
pounding rooni; where skilled workers make up the batches of material 
necessary for manufacture of specific products. The batch recipes arc 
furnished by the laboratory, where they have been carefully formulated. 
The required quantity of rubber, a vulcanizing agent, the various other 
chemicals which have been developed in recent years to hasten vulcan- 
ization, the pigment necessary to produce the desired color, and any filler 
material to govern the required density of the finished product and its 
elasticity are all carefully weighed and placed in a wooden or steel 
receptacle. 

Hero, also, 'declaimed rubber^' may be introduced. As its name im- 
plies, this is a substance obtained by abstracting the rubber content of 
scrap or worn-out rubber products after treating them to eliminate fiber 
content and to ^'dcvulcanize^^ the rubber atoms by getting rid of their 
sulphur content. Reclaimed rubber has an important and legitimate 
place in the manufacture of certain rubber products, particularly where 
maximum tensiles arc unneccssaiy, but in which toughness or resistance 
to abrasion is needed. The designation '^reclaimed” does not imply an 
inferior ingredient, but rather a- different sort of rubber which may be 
advantageously utilized in the fabrication of certain types of rubber 
products. 

The batch is taken to the mixing room, which houses mills or mixers of 
various sizes or types. The most usual type is the roll mill, which is 
similar to the ordinaiy washing wringer, ndth two horizontal, parallel, 
smooth steel rolls These rolls are geared to operate at different speeds, 
and create a wiping action upon the material passing between them. 
The crude rubber in each prepared batch is first placed on the mills and 
softened by the heat or friction caused by the various speeds of the rolls 
Then the other chemicals and pigments arc added and thoroughly mixed 
into the plastic rubber mass by the wiping action of the rolls. The 
mixed stocks are taken from the mill in slabs or sheets, ranging from lYn 
inches to 1 inch in thickness. These slabs arc covered with either a 
liquid or dr^’* solution of soapstone or talc to prevent adhesion. 

Processing for particular products. From this point processing dif- 
fers according to the type of product or component parts of the products 
manufactured. If a sheet of solid rubber is desired, the compound is 
passed over what is known as a calender, or deck, of steel rolls with pres- 
sure exerted on the rolls. Prior to introducing the compound to the 
calender, it must be softened or warmed on a warming mill so that it will ' 
feed evenly through the calender, the rolls of which have been set to give 
the desired thiclcness. The sheet of compound is then reeled on what is 
known as a shell and liner; the shell is merely a core or reel, while the 
liner is a length of fabric used to prevent the sheeted compound from ad- 
hering to the previous layer. If a friction fabric is required — ^that is, a 
piece of fabric impregnated with rubber — a calender is also used and a 
certain amount of pressure is exerted to press the rubber into the spaces 
between the warp and woof of the fabric to give the required weight per 
square yard according to the desired thickness. If the surface of a cloth 
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is merely to be coated or covered with rubber, a spreadiug machine is 
used which consists of an adjustable “spreading knife” and a table of 
steam pipes. The proper compound is selected and reduced to a cement 
by diluting with gasoline to the consistency of thick glue. This solution 
is applied on the spreading machine in front of a “knife” brought down 
within a predetermined distance from the cloth before it passes over the 
steam table. The cement feeds evenly under the “knife” over the entire 
width of the cloth, coating it veiw’^ lightly. By the time the cloth is 
reeled at the end of the steam table, the gasoline in the solution has evap* 
orated. If a hea\w coating is desired, the same fabric must be run over the 
spreading machine several times until the desired thickness or gauge n 
reached. 

In the manufacture of certain types of hose or tubing, as w'cll h 
great many varieties of solid rubber strips, a tubing machine is used 
rather than a calender or spreader. The tubing machine is one with a die 
orifice the shape of the desired finished product, through wkich the pre- 
viously w^armed compound is forced under pressure, therebj" c.vtrudmg 
the hose, tubing, or strip in the form desired. Some solid tire treads arc 
manufactured in this w'ay, as well as hospital tubing, baby carriage tires, 
and tubes for various cotton reinforced hose. 

Shaping the product. At this point the shaping of the product begins- 
In the case of tires and footw^ear, the material must be cut into the de- 
sired shape and size in a so-called cutting room. The cut material next is 
built up or assembled over a core or last in a fabricating department. ^ 

When the product has been shaped and made into its final form, it 
enclosed in a mold so that upon vulcanization the dimensions and shape 
will be permanently fixed and any design cut into the side of the mold 
will be embossed on the finished article. In the manufacture of auto* 
mobile tires, an air bag is placed inside the tire. This air bag 12 sub- 
stantially a heax^'-duty rubber inner tube inflated with air, which expanO'- 
under heat and forces the outer surfaces of the unvulcanizcd 
against the surrounding cast iron mold, into the inner surface of whir • 
the tread design and other desired impressions or lettering are cut ^ 
similar procedure is followed in producing various types of drug^undnr.t 
such as hot water bottles, where a cast iron inner mold is used and tuc 
whole is inclosed in an external mold having the desired impressions 
on its inner surface. Rubber footwear is usually xuilcanizcd by 
placed on racks in ovenlike chambers before removing the lasts and cui 
- ing under open heat. 

Many nibbcr products, such as hard rubber battery containers, 
manufactured by merch" cutting up blocks of raw' compound, not 
sarily in the shape of the finished article, but merely of the 
to fill a given mold cavity. Others arc made bv cutting with a die to 
approximaie size of the mold cavity. This is true of rubber 
are cut out in approximately their finished shape, much as biscui*^ ' 
formed with a !>iscuit cutter. These lied “biscuits” are inserted 
mold cavities cut to the exact size of the finished product desired 

Rubber gloves, toy balloons, finger cots, and other thin rubber * 
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uct5 arc mamifactincd b}" dipping forms of the desired shape and dimen- 
sions into a lank of rubber cement. The dipping is usually performed 
mechanically by utilizing a number of forms at the same time. The 
Ihickncbb or gauge of the rubber deposit is governed by the number of 
times the fonn is dipped. 

Since the development of pure latex concentrates, gloves for surgeons' 
use, a^ well as the best quality products, are now manufactured by dip- 
ping forms in latex solutions rather than rubber cement. 

In manufacturing sponge rubber products, special bubble-forming 
compound ingredients arc used. After compounding and mixing, the 
quantity of compound ncccssarj'’ to fill each mold cavity is carefully 
determined without regard to the shape of the cavity. No assembling 
operation is required. The press type of vulcanizer is used without pres- 
sure, however. The special ingredients in the compound form bubbles 
when heat is applied, swelling the compound to the outer extremity of 
each mold cavity. After vulcanization, the bubble cells are permanently 
fixed, 

A newer typo of sponge known ns the fonm or whipped sponge is inanu- 
fuctured at the present time directly from liquid latex. The ingredients 
arc whii)pcd and the mass of bubbles thus formed is vulcanized into the 
desired shape. This development may revolutionize the mattress and 
upholstery business, as it lends itself to shaping in anj’’ form and furnishes 
a luxuriously soft cushion for chair, car, bus, and theater seats as well 
ns for ordinary mattresses. 

Vulcanizing. All of the products and processes just described re- 
quire some form of heat with steam as the vulcanizing agent. These 
hcateis are sometimes in the form of large, steel tanks into whicl) the 
filled molds arc introduced and the heaters sealed. By the introduction 
of live steam the product is “cooked" or vulcanized in or on its mold for 
the required length of time. 

Other types of products, such as rubberized raincoat materials, are 
\mlcanized cither in what is laiovm as an open heater or by an acid 
process. In the open-heat process the rubberized fabric is festooned in 
a large ovenlike vault lined with steam pipes; the doors are closed and 
scaled, and dry steam heat is applied for a given length of time. In the 
acid process, the material passes continuously through a form of acid 
bath, or is placed for a given length of time in some form of tumbling 
barrel or drum containing acid. The same results accrue as in the 
steam method, but the acid process can be used only for certain types of 
products. 

Finishing. Most rubber products require some form of finishing. 
Where the article has been cured or vulcanized in molds imder pressure, 
there is always a slight seepage of excess compound called “rind." 
This must be trimmed off by a method developed for the particular 
product Tlic crudest method is hand pruning by a specially designed 
knife, while one of the most highly developed methods is the delicate 
machine used for trimming rubber heels. 

Certain products require some form of exterior surfacing to make 
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them more ntlractive. In Die ca-'C of bonts aiul tiio ordinary rubber, a 
varnish is applied prior to vulcanization, This is aho true of various 
typos of drug sundries whore a brilliant glo^'^ is desirable. Tires are 



Fig, 1. Material flow in a rubber factorj’. 

sometimes washed and painted after vulcanization; at least a 
identifying seal'is painted on the tire with a spray. Some haid r a 
articles are given a glossy, polished surface by curing between sn® 
tin under pressure, or by buffing after vulcanization. 
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The accompanying material flow chart graphically illustrates the im- 
portant steps in the manufacture of rubber products. 

Rubber Products 

There follows a list of the most important rubber products, with 
accompanying figures regarding the volume or value of their 1937 pro- 
duction; 


CENSUS OF MANUFACTURES FOR 1937 


Manufactures 

Production 


Sales Value 


Units 


of Production 

Pneumatic tires and casings — motor vehicles: 

— 


— 

Passenger car 

45,608,599 tires 

$253,270,878 

Tiuck and bus 

7,702,436 

u 

156,459,385 

Airplane 

32,710 

tt 

667,985 

Ail others . 

709,700 

tt 

2,367,550 

Motorcycle and bicycle: 




Single-tube tires . 

1,654,216 

n 

1,390,700 

Casings 

3,402,263 casings 

3,191,864 

Inner tubes: 




Passenger car, truck, and bus 

52,372,908 inner tubes 

55,739,387 

Airplane , ... 

25,026 

tl tl 

101,912 

Motorcycle and bicycle 

3,397,286 

it tt 

1,186,697 

All others 

167,906 

tt tt 

470,135 

Solid and cushion tires: 




Truck and bus for highway transportation 

22 697 tires 

875y920 

Industrial truck, tractor, and trailer 

232,297 

tl 

1,547,769 

All other, including carriage and other tiring 

13,560,853 

tt 

1,500,715 

Boots and shoes: 




Total rubber-soled canvas . . . 

31,519,085 pairs 

18,042,154 

Total waterproof , 

45,482,797 

tt 

40,227,104 

Rubber heels, soles, and strips: 




Heels . . 

295,081,194 

tt 

16,285,139 

Soles . . . . . 

72,476,284 

tt 

10,750,044 

Strips 

8,072,411 

tt 

2,075,999 

Rubberized fabrics: 




Automobile and carriage fabrics . . 

6,006,465 sq. yds. 

2,122,853 

Raincoat fabric 

21,374,062 

tt 

4,873,452 

Hospital sheeting 

2,982,123 

tl 

1,072,522 

All other lubberized fabrics 

39,252,005 


13,562,630 

Mechanical rubber goods: 




Rubber belting 




Transmission (fiat) ... 

21,793,187 

lbs. 

13,381,938 

Conveyor and elevator ... 

15,759,803 


6,901,352 

Pan belts 

14,443,005 


8,291,974 

All other belting ... . . . * 

6,710,485 

tt 

3,484,641 

Rubber hose: 




Garden 

46,932,725 

tt 

7,058,709 

Fire hose * ♦ • ♦ 

9,345,767 

tt 

4,726,025 

Air brake, air line, and other pneumatic . . . 

13,486,496 

tt 

4,914,841 

All other rubber hose 

65,460,793 

tl 

19,218,945 


22,961,182 

It 

4,491,613 

Rubber packing 

14,046,511 

ft 

3,550,830 

Washers, gaskets, valves, dc 

15,017,089 

ft 

5,035,917 
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CEKSnS OF MANUFACTURFi^ FOR 1937 (Cmihnurd) 


^fanufadurtf^ 

Insulation product^; 
lUiliber nnil friction tapo 
Molilod for motor vehicU^ 

Othoi insulation products . 

Rubber ctncred rolls 
number* mbber poods 
Other intchanual rubU'r poods 
Hnrd-rubbcr poods (c\tepl <lrup hundries): 
lUlttry jurs, boxe> and parts. 
Mouthpieces for piivc**, rtc, 

Coiul IS 

Otlicr leird-rubbcr poods . . . 

Druppist hundnes (cvropt rubber ploxcs): 
\\nter bottle^ and fountain ayrinpes 
Kipph s and paohierfi , 

All others 

Rubber craters, except pencil plupa . 
Rubber bands . . 

Rubber plovcs; 

Rlectncinns glove**. 

Surpconsmnd hou'^chold gloves . . 

All others . . 

Rubber cement 

Rubber flooring (Idc or riicel). . , , . 

Rubber mats and matting* 

Tire sundries and repair material .... 

Camelback .... 

Rubber thread 

Jar rings 

Bathing caps 

Sponge-rubber products, . 

Gutta-percha products 

Other manufactures of rubber 

Grand Total All Rubber Products. 


Produc4ton 

UnUs 


Saks 

of Produdion 


21,112,905 lbs, 
CO, ‘ 120 , no “ 
I0,59G,0S2 '' 


010,551 dor. 
517, 2Sl gross 

1,070,373 lbs, 
4,271,131 


14,710 dor. pairs 
1,185,221 ** 
175,127 “ 
15,417,189 paK 
8,771,293 eq. ft. 


31,120,118 lbs. 
5,018,105 
6,117,233 gross 
789,501 doz. 


$l,53S,5o5 

13,223,211 

2,S03,8Sa 

4,851,772 

1,536,532 

37,319,249 

7,012,4«0 

401,103 

2,201,676 

7,000,142 


3,372,875 

1,200,716 

5.717.022 

902,231 

1,740,292 


275,662 

2,172,050 

532,735 

8,931,133 

2,664,597 

10,024,592 

8,899,832 

7,220.895 

3,475.477 

1,954,061 

1,230,106 

9,291,743 

3,453.443 

35,202,603 

SS58,8SS,1R 


Methods of Marketing Products 

Domestic distribution. The marketing and distribution of ru^ 
products is an undci taking of great magnitude. Enormous adver 
expenditures aic made to acquaint the general public wtU rubber 
nets, and vast, nation-wide organizations have been set up for tho s 
age and sale of all commodities. No one form of distribution ^ 
exclubively for any given commodity, inasmuch as most rubber 
are i elated to othei industries. For example, the distribution o 
conforms closely to the distribution system originally developed or 
automobile industryx ^ 5 

Tires. A first, after supplying the automobile companies wth 
and tubes for new’ cai*s, a system of branch warehouses and sales 
giew^ up through which a new class of merchants, knowm as tire ae^ 
w’ere supplied wdth stock. This outlet developed because it 
dent that the seiwice necessary in tlie up-keep of tires was of P^^^^ 
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iinp*u(fl’ico and llutt the ordinnn* merchant or reiailer could not ^upply 
it cfTectively, With the development and pcriectioxt of the automobile 
tire* houvver. the hcrvice ancle 1 ki^ become somenhat le*^- important, so 
that at t.he prf-<'nt time tire^ and tubes arc marketed under alKUil everj* 
plan u-fd in uu rchtuniiMnc other pioducb. 

Sonv^ of the fonn^^ of distribution u^ed arc as follows: 


1. Direct .saios to automobile companies original eqiiipment on new 
rar'^. 

2. Direct sales to large eon‘'Umc•r^, such ns ta\icab opeintinc com- 
panies, linc^, public utilities, and other largo U'^ers of automotive 
velncU s 

a Throucli branch \varchou^(s and sales agencies to retail dealers, 

4 Tluoueh jobbers to tlie ordinary tyjio of merchant, 

o. Mmi-ordor hou^^e^. 

G, Chain ^torcs. 

7. Deparlmoni 

5 Company-o\vnf<i and -«er%drod retail stores. 


Rubber boots and shoos. Rubb^'r l>oot^ and shoe=J naturally are 
markeu*d in a ^^omruhat Mmilnr fa^-luon to leather slioev, ti-inc. to a 
gn'Ht the nuiUt*: nlreuily in cxi^'tenre for the di-tnlnnion of nl! 

kind'- i\{ footwear The How of j^roduet from factory to warehouse-, 
brant !i \van hou'*(^. or jobiuT'*. and then to (lie retail Iriule. 

Druggists* sundries. Druggi^-N' sundries, including ^urh iteim a*- hof 
v.atir boith-, -\nnn'^, ruhlur g!ov>-. cathetxr.-. air pillov^*, and 

an deinbuiMl tliumnh liir f ^tabhriv d drug trad** rh.rmmK In 
-vun( the are handUd throxeth jobber.-, vdule in othcr^. n‘ 

in tie o: of th*- chain dnic-torc tra<!(\ the *-hipmrnts nw Uindr from 
fmtiirN' to ti‘» i!*nm Motv wnnhoU'-e for further distribution, 

Mechnnicnl goods. T1)r ro-ralhd mrehnmcal gunb ihvidon of 
rubier uidu*-?ry inuhr n dtpidMi handitap fi*x (a di^^tribution mi’hY'i 
A rr*'* * tH^rtion ^»f th** nieeh.^tiird good'* prnduerion. *uc!k e- b<!tsnr nnd 
i- iyi^* ^ of ho » , i- susnufcettir* u to the ord^’r or ''ihrstnm of th* 


r*n*um<r, v.bih i‘r?sm ''*yV ^ or 
t-ddui.g n,.de to imU *• ipply I n: d th* 

«•*** on voium*’ of m v hi^h b 

*p^ *h’‘vot^’b b: ? for «^Py, * 

t t UX .rt’* ‘ ri'*^ Ti e pt^* ! <h h I 5 

f -p .j iyp» »jj> \i n ro» : ’ J ft ia * U* dr^ > 

cif b^i- » by ra/r^.id** 


‘ Iff h"’'dh \ thr^ o h 
' t/> ror “Utr* t T'O : ; 

• '^upplad on Cov*n> 

'* t*” ard I't i»r*I 
m fhi r sy fr^ n* 
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vessels, elevators, private homes, and apartment houses. It is essential 
that the manufacturer or dealer perform the installation inasmuch as 
the subsurface must be properl}" prepared and the rubber tiling should 
be installed only vdiere physical conditions are conducive to satisfactoi}' 
servnee. These essential conditions can only be knovm to an expert. 

Rubberized fabrics. Rubberized fabrics and clothing represent still 
another form of marketing. Rubberized automobile topping is sold to 
automobile manufacturers or body builders and to the so-called ^^retop- 
ping'' trade, mostly direct to the retopper, but sometimes through auto- 
motive jobbers. Rubberized fabrics usually are sold direct to the rain- 
coat manufacturing trade for the fabrication of raincoats and other water- 
proof garments, although there is some jobber distribution. Still other 
t}"pes of rubberized fabrics are sold to hospital and drug supply hou^ 
and department stores for distribution. Some manufacturers of rain- 
coat fabrics also produce rubberized clothing, which makes it necessaiy 
for them to provide still another form of distribution to wholesale and 
retail dealers in rubberized clothing. This distribution might include 
specialty stores handling this type of clothing only and also departnien 
stores. 

Rubber heels and soles. There are numerous other rubber coniino - 
ities handled in a fashion peculiar to the particular product. For ex- 
ample, rubber heels and soles are sold to shoe manufacturers who app } 
these heels and soles to their shoes in their own factories. Otlier Jai^^ 
outlets for these products are jobbers who sell to tlie shoe repair tra e 
and direct sales to chain-operated shoe repair shops. 

Export of products. Varjung policies are pursued by rubber manu- 
facturers in connection wuth the distribution of their products in foreign 
countries. Some of the large manufacturers have separate export com' 
panics formed to take advantage of price maintenance practices 
under the Webb-Pomerene Law, while other companies sell direc 
foreign distributors or agents. . 

In the first case the manufacturing company usually sells its 
to its export company, which is charged wdth the full responsibuO 
foreign marketing. Tliis may be conducted through foreign branc ^ 
warehouse organizations, or through native distributors and agen s. 


Persons Employed in the Industry 

According to the Biennial Census of Manufacturers for 1937 
were 129,818 wage earners employed in tlie 478 establishments ^ 
rubber indi^try. Of this total 63,290 w'age earners vrere 
manufacturing tires and tubes, and 18,356 ■v\-ere employed in ® 
facture of boots and shoes. The balance are employed in “"jjcd 
branches of the industry, making rubber heels and soles, n’ 
fabrics, rubber sundries, and mechanical rubber products. In 
$171,305,000 were paid in wages. The value of the articles produc 
§883,033,000. 




$65 


Fig. 2, Organisation of a typical rubber company, 
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Capital Investment in and Methods of Financins the 
Rubber Manufacturing Industry 

Little accurate information exists by which the progressive increase 
in capital investment in the rubber industry can be traced. It is esti- 
mated, however, that the total world-wide investment of American 
rubber companies amounts to §1,250,000,000. Of this approximately 
§1,000,000,000 represents stockholders^ equity in the form of preferred 
and common stock and earned and capital surplus, while the bonded debt 
amounts to approximately §200,000,000. 

In recent years the tendency has been toward reducing the funded 
debt and increasing the capital stock, thereby saving interest charges. 
This trend began on a large scale during the 1927 and 1929 boom period 
when many companies reduced their funded debt by the flotation of no 
par value stock issues with consequent reduction in interest charges. 
Expansion programs were also financed through stock sales during this 
same period rather than from accumulated surplus. Since the depth oi 
the depression there has been a tendency to reduce bonded debts out o 
earnings rather than through flotation of stock. 

Economic Significance of the Rubber Industry 

Since the development of the rubber industry took place during 
era of greatest general industrial progress and expansion, very few pcop 
realize its full significance. It is not diflScult, however, to apprecifl ^ 
the value of rubber in the personal and industrial life of today, for ^ ^ 
only necessary to visualize conditions if the supply of rubber W’cre to oe 
cut off suddenly through some catastrophe. The fact that over 
cent of the rubber consumed in this country is used by the autoniobJ ^ 
industry’' is evidence that the economic significance of rubber correspon ^ 
to that of the automobile industry. . * 

Most economists recognize the development of the automobile 
try as one of the foremost reasons for our recent industrial progress i 
the United States. The automobile industry in its development 
absorb the labor displaced by the mechanization of other ind^^stnp; ‘ 
the same time opening up a wide market for raw materials, 
and accessories. It is questionable whether the automobile m 
could have developed as it did without rubber. Pneumatic tkes 
it possible for automobiles to travel over only partially developed le* 
ways, which they could not have done with any other known v 
coverings. Without the comfort secured by the use of pneumatic .j^ 
tires, it is very doubtful whether the tremendous market for antomo 
would have developed when and' as rapidly as it did. 
visualize a world without rubber, one need only to have seen the J 
on bicycles and trucks utilized in Germany during and 
after the First World War. These very unsatisfactory^ 
merely variations of the old-fashioned, metal-tired wagon 
of which w’ere equipped with steel springs. They gave very nnsa 
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tory performance, depreciating the motor vehicles and roadways at an 
extremely rapid rate, and would prove decidedly unsatisfactory on 
pleasure vehicles or passenger busses. 

There are a great many other developments in the rubber field which 
have aided materially in our industrial development, although much less 
spectacularly than in the automobile industry. The use of rubber belt- 
ing in power transmission and as a conveying medium, replacing manual 
methods and more complicated mechanical conveying devices, has aided 
in reducing the cost of producing innumerable raw materials and manu- 
factured commodities, placing the prices of former luxuries within the 
reach of all. In the electrical field it is very fortunate that rubber was 
available in sufficient quantity at the time of this industry’s expansion. 
Rubber undoubtedly assisted greatly in the development of the electrical 
industry by offering a commodity of highest insulation value which could 
be used in the innumerable ways that have been developed up to the 
present time. 

The use of rubber in the form of hose undoubtedly has saved millions 
of dollars of fire losses. Its use in sports, also, although representing 
a very small percentage of the rubber consumed, has undoubted^ had 
quite an important bearing in our industrial development, since recrea- 
tion is so necessary as a safety valve for people working under present- 
day high-pressure conditions. 

In the current year of 1940 the Defense Commission has listed rubber 
as one of the important strategic materials. As a vital factor in national 
defense, the industry has welcomed steps that have been taken by our 
Government to increase stocks promptly in the present emergency. The 
Rubber-for-Cotton Exchange insured us a reser^^e stock of approximately 
88,000 tons by the end of September of this year and the recent formation 
of the Rubber Reserve Company, a Government corporation backed by 
Reconstruction Finance Corporation loan funds and cooperating witli 
the industry, contemplates the acquisition of 333,000 tons additional 
reserve stock by the end of 1941. 

With these reserve supplies reaching us in growing volume and %vith 
the industry’s capacity to increase production of both synthetic rubber 
and reclaim, we can look forward with confidence to the industry’s 
ability to supply the needs for domestic and military purposes. 

Possible Future Developments 

For many years chemists have experimented with the hope of produc- 
ing a synthetic rubber that would replace nature’s product, and although 
during the First World War Germany did make and utilize synthetic 
rubber with some success the prohibitive cost and unsatisfactor}’’ quality 
for the ordinaiy product limited its use. In the last decade so-called 
synthetic rubbers or rubberlike materials have been developed to a high 
degree both in tliis countiy and in Germany. Those materials liavc 
qualities that differ from natural rubber, particularly wdth respect to 
their oil-resisting qualities, which make them now indispensable in the 
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manufacture of gasoline hose, fuel-tank-wagon hose, and many other 
products where contact with oils and grease is involved in their use. 

In the current emergency when there is a possibility that our crude 
rubber suppl}’' may be cut off the various new synthetic rubbers are com- 
ing into prominence and, although their cost is considerably higher than 
natural rubber, in an emergency manufacturing facilities could be ex- 
panded in this countrj" to manufacture a large part of our rubber require- 
ments from raw materials domestically available. 

Both rubber growers and manufacturers are constantly alert for new 
uses for rubber, although there are more than 30,000 rubber articles now 
being produced. One of the outstanding new uses which is constantly 
growing is that of equipping farm vehicles with pneumatic tires. Anofter 
is the increased use of rubber in more and more parts for motor vehicles 
and airplanes. Another development which holds great possibilities is 
that of the whipped or foam type of sponge rubber, which may ultimately 
replace steel springs and padding in the upholstery’’ and bedding field. 



13 

The Leather Industry 


Early History of Leather 

Early records of leather. The first known authentic records of any 
civilized stage of existence go back to the time of the building of the 
Pyramids, nearly 5,000 years ago. From the carved tablets which the 
Egyptians used then, we have learned much about the history of leather. 
That the Egyptians and their neighbors valued leather highly is evident 
from the fact that it was classed with gold, silver, ivory, and rare woods, 
and was given to kings and gods as tribute. Some articles of leather 
more than 33 centuries old have been unearthed in tombs and found to 
be in a perfect state of preservation. An early Arabian formula for the 
making of leather is as follows: 

The skins are first put into flour and salt for three days, and are 
cleaned of all the fats and impurities on the inside. The stalks of the 
chulga plant, being pounded between large stones, are then put into 
water; applied to the inner side of the skin for one day; and the hair 
having fallen off, the skin is left for two or three days and the process 
is completed. 

Leather used as armor. Among the ancient Greeks, leather appears 
in their mythological stories, handed down from generation to generation, 
by word of mouth, even before the poets put them into written form. 
Zeus, the great god, is described as wearing what is called the ‘'aegis, a 
rough hide that covered his head, neck, breast, and left arm, and that is 
supposed to be the hide of the goat that suckled him. Helmets and 
shields of leather were worn by Grecian soldiers as far back as the earliest 
legends. Ovid describes the hero, Ajax, in these words: “Ajax, to shield 
his ample breast, provides seven lusty bulls, and tans their sturdy hides.” 
The famous legend of the founding of Carthage tells how Queen Dido, 
when promised only as much land as could be covered by a bull’s hide, 
cut the bull’s hide into thin strips and encircled enough land upon which 
to build the mighty citadel of Carthage. 

Other early uses of leather. Leather was used by the Greeks in the 
building of ships, sails, and houses, as well as for clothing. Much of the 
importance of leather to the Romans can be assumed from the fact that 
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it was once used as a basis for money. Our word “pecuniary” comes 
from the Latin word meaning “cattle ” 

Early methods of tanning. The tanneries were placed outside the 
city walls, and the wet skins were often spread upon the ground for people 
to walk upon, so as to toughen them. Two classes of labor were em- 
ployed, tanners and leather cutters; and the latter were considered 
artisans of the very highest order. The Hebrews were the first to dis- 
cover the value of oak bark in tanning, and this method w^as as good 
as an^^ discovered until the introduction of modern tanning methods in 


America. 

Homer’s Iliad, written about 1200 b.c., describes w^hat is possibly the 
oldest form of good tanning, the “Shamoying process.” This is the 
method of opening the pores of the hide by repeated washings and fi^ere- 
after forcing oil into them by beating and rubbing while the hide is 
stretched and staked out, the entire process requiring about 2 hours 
work. In Rome, as in Egypt and Greece, the tanners were a distinct 
class of people. The Romans also gave us the word “tan,” which comes 
from “tanarc,” meaning “oak bark.” Roman, Greek, and Pompeian 
tanners all used limewater to speed up the process of dehairing a hide, 
the hair being removed with the scraping knife and the beam. For 
tanning, oak bark was preferred. Hides were soaked in great vats con- 
taining oak bark and, sometimes, roots and berries of various kinds. 
The tanned hides were packed flat with powdered seeds between the 
• layers and left for months, after wdiich they were hung up on poles ana 
later smoothed out with rolling pins — a process discovered by the 
Hebrews. Most of the workers were slaves, though a few were free 
men; and one, Clion the Tanner, rose to great political power. 

Leather industry of the Middle Ages, The first mention of leather 
in France recalls the story of Crispin and his brother Crispinianus. Here 
w^ere two tanners and shoemakers who became martyrs and now are tne 
patron saints of shoemakers. All over the world, but most particular!) 
in Italy, St. Crispin is revered by those engaged in the art of making 
shoes. France w^as then Gaul, a province of Rome, and it is considere 
most likely that the brothers Crispin learned the art of shoeraaking from 
the Romans. It was in the Middle Ages that industry first began u 
be organized into various trade guilds, or fraternities, usually calm^ 
“companies” and sometimes “misteries,” These guilds were very po^^r 
ful and ruled the apprentices and members with an iron hand, often 
playing an important part in politics. The leatherworkers were among 
the first to form a guild, or fraternity. In France, the Brotherhood, 
Fraternity, of Leather-Workers was established, in 1397, by Charles 
Sage and Avas controlled by the Church. The right to become a 
was bought from the King at a cost of 16 sous, and each member 
sworn to observe the customs and moral precepts of the trade. i 

Trade guilds. The guilds reached their highest stage of 
and their greatest power in London, w^here entire sections of 
were devoted to the cordwainers’, or leathenvorkers', wmrd. ^ jjy 

came to enjoy special rights and privileges, and to create monopoly 
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royal charters. Among the first five so organized were the saddlers, 
skinners, goldsmiths, tailors, and mercers, or dealers in textiles. At that 
time, the saddlers^ guild was — and it continued to be — one of the most 
influential of all; it had its own guildhall, one of the first to be erected. 
Of 111 different trades listed in London in 1422, 11 were leather trades. 

The Leather Industry in the United States 

Early history of leather in America. When America was discovered, 
it was found that the Indians were well versed in the art of tanning and 
had many uses for leather. It is not possible to find out how they ac- 
quired this knowledge; nor is it known when leather first made its 
appearance on this continent. While they made a fairly satisfactory 
kind of leather, the Indians laiew nothing of the superior method of bark 
tanning; they had, however, perfected a process for dressing soft leathers 
— ^the famous buckskin tan — ^which they taught to the white settlers and 
which has scarcely been improved upon even today. Leather treated 
by this process has never been surpassed for softness and pliability or 
for its ability to keep out water. 

Methods of tanning. The Navajo Indians were especially remarkable 
for their skill in dressing the hide and later ornamentating it, but the 
Crow Indians were generally considered the most skillful in their tanning 
methods 

The work of skin-dressing was largely, if not entirely, performed by the 
women of the tribe. The skins were collected and heaped up in piles, 
wetted and allowed to decompose until the hair was loosened. Then the 
radius of the large foreleg of the reindeer was cleaned of its flesh and 
one side of the shaft, or central bone, was removed, leaving two sharp 
edges. One side was rounded and dulled, the other sharpened. Each 
skin was then placed on a beam of wood, usually the trunk of a tree, 
and scraped with this reindeer-bone implement, the motion being against 
the hair and away from the body of the worker. For the flesh side of 
the hide, a different implement was used. This was made from the heel 
bone of the reindeer, cut obliquely so that the flat edge formed a blade, 
which was sharpened and serrated. This tool became a chisel and adz 
combined and was firmly held in the hand by the aid of a strap, or thong, 
tied around the heel bone of the reindeer and under the wrist of the 
worker. After being scraped on both sides, the skin was rubbed with 
a mixture composed of the brain and the liver of the animal and later 
subjected to a thorough rubbing similar to that employed in the launder- 
ing of clothes. 

With the Crow Indians, the method was to immerse the skins in a 
solution from tlae ashes of the campfires. After scraping and dehairing, 
the skins were stretched out upon the ground or upon frames to dry. 
They were then rubbed with the brains of the buffalo or elk, which were 
worked into the substance of tlie skin by manipulating the skin by hand. 
The final process among the Crows was that of smoking. A small hole 
was dug in the ground, and in this was made a fire of rotten wood, so that 
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there might be much smoke vnth little blaze. Around this hole, poles 
“were erected and covered vrith skins to fom a tent. The skins to be 
cured vere placed v'ithin this tent, the flaps of the tent carefully sewed up 
and left for several days, until all the skins within had been thoroughly 
impregnated wdth the smoke. The leather thus made would withstand 
any amount of wetting and, when dry, would return to its original soft 
and pliable condition. 

Shoemaking in the colonies, 'RTiere the first tanning W'as done by 
w’hite men in this country is still a question. But we do know' that 
Experience ^filler, a tanner, came to Plymaouth on the good ship Ann in 
1623, and he ma^’ have tanned leather before the settlers at Jamestouii} 
Virginia, w^ho came to America several years previous^. It does not 
appear that shoes were made in this country^ until 1628. It was in the 
latter year that two shoemakers, Thomas Beard and Isack Rickman, 
came from England, in order to supply settlers with shoes. Up to this 
time, settlers had brought their shoes from England or worn moccasins, 
w'hich they learned to make from the Indians. These tw'o shoemakers 
wxre an importation of the Plymouth Company, for it is known ^that 
they were to receive 'Their dyett and house room at the charge of the 
companie”; and it is also recorded of Beard that he had in the ship 
"divers Hydes, both for sole and upp leathers, he intends to make upp 


in boots and shoes.^’ 

Tanning process used in the colonies. Up to the latter part of the 
eighteenth century, no one had looked upon tanning as a scientific pxoc- 
ess. It was a method of preserving hides, of keeping them from rotting, 
and of making them pliable — ^no more. The methods of the ancient 
Hebrews w’ere continued writh little variation and addition dowm to this 
time, and each tanner made leather as best be knew' by a sort of rule-oi- 
thumb process. Boxes made of plank w'ere sunk in the ground for vats 
Oak bark was then almost the only tanning agent used ; this was cm^he 
by rolling hotivy stones over it. The hides w'erc soaked and scraped, 
the hair being loosened b}^ soaking them in a bath of lime and water. 
The method of tanning w'as to sprinkle the bottom of the vat w'ith fine 
bark and to lay a skin or hide upon it. Another la^mr of bark via. 
sprinkled over this and another hide laid on the top of that, and so on, 
to the deptli of the vat. Water was poured over all, and the hides vem 
allow'ed to rest in this solution for a period of 6 months or more, a 
though they might be repacked during that period. Heavier hides were 
allow'ed a longer time. 

Contributions of Sir Humphrey Davy to the leather industry. 
Humphrey famed more for his researches in other direct 

in leather, made a highly important contribution to the tanning 
when, about 1800, he examined vegetable products other than oa ' ^ 
order to increase the available supply of tannin in Uie world. I^ 
tion to the bark of the oak tree, the loaves of the sumac and 
knowm a$ "nut galls^^ had been used in tanning at various times, 
with certain Oriental vegetable growths that W'ere not readily 
at the points of tanning. To these. Sir Humphrej' Davy added the 
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of the hemlock and of the mimosa trees, tlie wood of the quebracho, the 
oak, and the chestnut trees, and the fruit of the divi-divi, valonia, and 
myrobalans. Although undertaken for English tanners, Sir Humphrey 
Davy's efforts were more vital to America than to England, for the 
reason that hemlock grc\Y in vast profusion in the United States. 

Discovery of chrome tanning. Nearly a century passed before an 
American chemist named Sclixiltz made a discovoiy of as great impor- 
tance as the researclies of Da'^y. He was seeking a means to prevent 
the white-alum tanned leather, then used for corset-stay covering, from 
turning brown. 

Througli experimenting with different chemicals tliat might accom- 
plish his object, Schultz found that croraium salts, acting on hide sub- 
stance, made a leather different from any previously known. Though 
the action of these salts had been studied somewhat in England many 
years earlier, it remained for Schultz to make chrome tanning a com- 
mcicial possibility. Even then tanners laughed when they saw the 
leather produced from his process, for at first it was stiff, hard, and blue 
in color, instead of mellow and red as was vcgetablc-tanncd leather. A 
young Philadelplnan named Robert Foerdercr, after long and patient 
experimenting, finally perfected the new process and began to produce 
this new type of leather. lie learned how to treat it with soap and oil 
— to 'Tat-liquov^' it, as the process is known. This operation, which is 
very necessary in modern chrome tanning, is only a modification of the 
old Indian method of softening deerskin by dressing it with fat. Foer- 
derer became a very successful tanner. His product took the place of 
the heavy bark-tanned leather, such as the cowhide leather of which 
grandfather's boots were made. Through his enterprise and that of 
Schultz, the chrome process of tanning became firmly established 

Introduction of machinery. Between the time of Davy's great work 
and the development of this new process of tanning, American inventive 
genius made an important contribution to the tanning industry that was 
destined to revolutionize the methods of the world in a manner not seen 
since the days of Simon at Joppa. This was the inti’oduction of machin- 
ery to take tlie place of hand labor in the crushing of bark and in certain 
finishing processes. The splitting of leather was then unknown. Hides 
were taken from the vats after about 6 months, when half tanned, rubbed 
with a thick stick over a beam, and shaved down to the desired thickness 
Not only were the shavings but the workmen's time also was wasted, 
since one \Yorkman could shave but four hides a day. Sole leather was 
finished by rolling a smooth grindstone over it. 

In 1809, a patent was granted to Samuel Parker of Newburyport, 
Massachusetts, for a machine that would split leather to any thickness, 
each one of the splits being available for certain uses. These two splits 
were called the ^'flesh split" and the '^grain split," according to the side 
of the leather that was used. Thus the output of usable leather was at 
once doubled, and it became possible for one workman to split several 
hides a day. Still, the important parts of the v/ork — ^llie cleaning, flesh- 
ing, and dehairing of the hides — were laboriously performed by hand, 
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and for many years, ingenious and inventive minds sought a solution by 
means of machiner 5 \ 

The first experiments with a machine to accomplish this purpose were 
conducted bj’' moving the skin against a fixed knife. In the further 
development of this machine, the next step was to move the Imife against 
a skin that was fixed. It remained for Mellen Bray, a Maine tanner, to 
solve the problem in 1850, when he invented a machine combining both 
of these principles. His machine consisted of a table on which the skin 
was held and moved against the knife, while the knife was fixed to a 
cylinder and moved against the skin. The first shoe-pegging machine 
was operated by Charles D. Bigelow, in 1852, at his shop in Jacob Street 
in “The Swamp” district of New York. From testimony in a lawsuit 
against infringers, we learn that “it would peg around a large size mans 
brogan in one minute, and the work was done much better than by hand, 
both as regards uniformity and firmness.” 

It was America's contribution to the leather industry — ^the introdaetion 
of machinery — which revolutionized the method and equipment of tan- 
neries nil over the world. Europe was compelled to acknowdedge her 
indebtedness to us and either to adopt our methods by installing 
machinery’’ or to be outdistanced in the race for supremacy in the in- 
dustry. 

Growth of the leather industry. In 1849, there were 6,686 tanneries 
in operation in this country’’, a figure that has since been exceeded bu 
once. This figure W’as the result of the great development of heinloc' 
tanning, by’’ which it w'as possible and profitable to establish a tannery o 
reasonable size close to any tracts of hemlock forest land. In the o 
years that follow^ed, after a slight temporary increase, the number o 
tanneries declined, until, at the close of the century, there W’ere but 1,3U 
in operation. 

The gradual introduction of machinery is one of the prime causes n 
this change, since it became more economical to build larger 
capable of greater individual production than to continue to operate i 
smaller plants after they’’ became obsolete. The development of 
railroads W’as another contributing cause, since, wdth the improvemen i^^ 
transportation, it no longer became necessary for the tannery to fo ^ 
the forest to obtain the bark. Wliereas it had been more econonnea 
the early day’'s to cany the lighter hides to the tanneiy, rather j. 
heavier bark, it presently^ became more feasible to transport the 
over reasonable distances *to more fully equipped tanneries. ^ n*'.^Q5 

These 6,686 plants that vrere in operation in 1849 
people, w’hile the 1,306 that were reported by the Census of 189^ ^ 
employment to more than double that number, or 52,109’. But 
paid had trebled during the same period. The total wages paid by 
6,689 plants in 1849 were $6,541,678, and 50 years later twice as lO •• 
employees received $22,591,091. These plants had increased their 
sumption of raw material six times in value to obtain a finished 
that w^as valued about four and a half times greater.^ This ^ct 
the rav: material used was valued at $155,000,004 in 1899, as ag 
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$26,429,881 in 1849; vchWc the finislicd product in 1899 was worth $204,- 
038,127, as against $43,457,898 in 1849. 

According to recent statistics furnished by the Census Bureau, there 
arc approximately 400 establishments that do tanning of one kind or 
another and employ upwards of 50,000 people. It is estimated that, 
in 1937, the total wages paid approximated $61,000,000. 

Packing industry’s influence on leather production. The great pack- 
ing industry' of Chicago and the IVcst wliich, in 1919, .showed receipts of 
about 10,000,000 head of cattle, wrought vast changes in the leather 
industiy. During the first half of the last century, the West was, to all 
intents and purposes, an Indian-settled wilderness. What arc today the 
great cattle ranges were then hunting grounds for the red men, producing 
nothing that was of value to the leather or to other industry. Hides 
were eagerly sought in all parts of the world, and our hide buyers were 
compelled to make long journeys by ship to procure them. 

Influence of the Gold Rush on the leather industry. An important 
spur to the tanning industry at the opening of the period we arc now 
considering waa the discovciy of gold in Califoniia and the historic rush 
of gold scckcr.s to a new territory’' that provided a new source for tanning 
material. This source was the California tanbark oak. There was an 
increased demand for leather by the army of miners who sought gold. 
To supply that demand, tanneries, utilizing the hark of this tree, were 
established within the new state. In 1852, one tannery located in So- 
noma County was producing leather to the value of $30,000 a year; 4 
years later, there were 18 tanneries operating in the state, with an in- 
vested capital of $94,000. About 1850, the merits of *^union leather” — 
which is a combination of oak and hemlock tannages — began to be 
generally recognized, and its development thereafter was rapid and great. 
It was found then that this method of tanning produced a leather 
peculiarly suitable for specific purposes where a mild, mellow leather 
was required. After 1850, the production of union leather increased to 
such an extent that, in 1878, there were 800,000 union-tanned backs cut 
up in jMassachusetts alone and the use of this leather had become uni- 
versal in this country. 

Location of tanning centers. The making of leather from cattle 
hides is one of America's stable industries and one of its largest. Great 
changes have occurred in the methods followed by our tanners today as 
compared with the days when Experience Miller came to Plymouth in 
the good ship Ann. New York early became the center of the tanning 
industry, and the first leather center was located in what was, and still 
is, knowm as 'The Swamp,” or that part of lower New York where 
Brooklyn Bridge rises to span the East River. The tanners making 
hemlock leather located along the^ line of gro\\d;h of that stately forest 
tree which took them through Pennsylvania, lower New York, Michigan, 
and northern Wisconsin. Those requiring oak bark followed a line 
through the mountains of Pennsylvania, Virginia, West Virginia, North 
Carolina, and Tennessee. The big tanneries of today are still found 
to exist in these broad geographical areas. Pennsylvania is our largest 
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tanning state, o^dng to its forest growth of both oak and hemlock, as 
well as an important producer o! goatskin upper leather. ^YiscoIlsiB, 
today, yields the most hemlock bark and has become another center of 
tanning. The industry also has grown apace in the Southern states, 
where not only the oak abounds but the chestnut tree as well, the wood 
of which, because of the tannin it contains, has become of great impor- 
tance to sole-leather tanners. 

The largest merchandising centers for heavy leather are Boston, New 
York, Philadelphia, Cincinnati, Chicago, and St. Louis. San Francisco 
also is an active leather mart for the merchandising of California tan- 
nages and for export to the Orient, w^here a constant demand exists for 
American leather. 

Raw Materials of the Leather Industry 

Supply and demand of hides. The hide supply depends upon the 
number of animals killed for meat. In this country, our requiremcn & 
for hides for leather are greatly in excess of the number of hides taken 
off by all the killers of cattle in the meat industry. Therefore, to 
our tanners, we must go to countries where the kill of cattle for mea 
supplies an excess of hides for the local tanning industry. Take 
Argentine, for example, where vast packing houses operate to export iiiea 
to European countries but where the population is too small to 
all the hides that are produced and where tanning is not a highl)’' 
oped industry. Our United States tanners require approximately y 
000,000 cattle hides per year (exclusive of about 3,000,000 kips used o 
side leather) . Since we normally produce about 16,000,000 of 
must import about 3,000,000 additional hides. Of these 19,000,000 w cs, 
roughly 10,500,000 go to the makers of shoe uppers, who split the ly | ^ 
thereby making it thinner. The balance of 8,600,000 hides go to 
tanners of sole leather and leather for machinery belting, and a sm 
portion goes into the making of upholstery, automobile, bag, case, £ ^ 

harness, and other miscellaneous leathers. ^ 

Curing pelts. The pelts of animals, usually those killed y 
come to the tanner in three different conditions: green-salted, 
dry-salted. A green-salted hide is one wdiich has been kept from 
ing by an application of salt. In the large slaughterhouses, the 
hides, as removed from the animals, are carefully spread out, one 
of another, flesh side up, with layers of salt between, in beds 
where they remain 30 days or more to cure. In this way, to 

kept moist and sound until they are ready to be bundled and ship! 
the tanner. Dry hides, as the name implies, are those wdiicn ha 
exposed to the air and sun until they have become 
usually are stretched out flat during the drying process, 
hides are similarly treated, but salt is applied to them befoic 
dried. Because dr^^ or dry-salted hides are liable to damage {>> 
diying, green-salted hides are usually much superior and cons 
far the largest number of the hides used by the tanners 
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Differences in pelts. Leather originates from three classifications of 
pelts: hides, kips, and skins. Hides come from the mature animals, 
such as full-grown caltlo. These make a heavy leather, thick and 
strong, and stiff or soft, as the need requires. For the most part, they 
go into the making of shoe soles and heels and machinery belting; when 
split, they arc used for shoe uppei^s, bag, ease, strap, automobile, and 
uphoLterj^ leathers. Kips come from veal animals, classified as to 
weight, and arc tanned mostly for shoe uppers. Skins arc obtained from 
smaller animals, such as calves, slicop, goats, kangaroos, and so fortli, 
and go into ibc making of shoe uppers, pocketbooks, bookbinding ma- 
terials, gloves, and fancy leathers. It is not proper to speak of '^cow- 
skin^* or ^^goathiclc.” Hides refer to the heavier type of pelt from steers, 
cows, and bulls. 

These raw materials for the tanner are principally by-products of 
other industries, particularly of the meat industr>’^; although, in the ease 
of sheepskins, tlie primary product may bo wool and, in the ease of 
goatskins, the product for Avhich the animals arc raised may be milk. 
Some animals or reptiles arc killed solely for their skins, but such skins 
represent a very small fraction of the total amount of leather tanned. 
Snakes, lizards, walrus, liair seals, and alligators arc, to a considerable 
extent, primarily killed for their skins. Ravel}', if ever, however, arc 
the animals that supply us with our important hides and skins killed for 
such a jnnposc. Cattle are not raised for the hides the}’’ produce. jMnn 
requires meat for food, and, ns a result, the hides or skin«: arc a by- 
product of the meat industiy. The supply of cattle liidcs is dependent 
on the supply and demand for beef at the big packing centers. 

Classification of hides. ]\Iany classifications arc made of hides, but 
we need consider only the most important of these. The best imported 
hides are those from South America, called ^^JHgorificos'* because they 
come from the freezing plants of the South American packers. These 
compare favorably with the best hides produced in this country. We also 
import **saladcros,” the hide from the South American city abattoirs; 
^'matadcros,^' the country hide of our soutlicrn neighbors; and other 
typically named hides loo numerous to mention. The important classi- 
fications in this country are the ''packer hide’' and the "countr}^ hide." 

Packer hides preferred. Packer hides are produced by the larger 
mcat-pacldng houses in the West, with headquarters in Chicago. Coun- 
try hides come from the small butchers and farmers and are collected by 
hide dealers. Because of the opportunity afforded by large-scale produc- 
tion for highly specialized workmanship, the skinning or "flaying," 
curing, and grading of the hides are usually much more expertly and 
satisfactorily done in the large packing plants than in the small. The 
superiority of big packer hides is sufficiently great so that they bring 
u higher price in the market than do small packer, or country, hides; and 
they are more in demand by tanners, to whom condition, grade, pattern, 
and the opportunity of purchasing any of several standard selections in 
carload lots arc of serious importance. Country hides and skins arc 
removed by farmers, ranchmen, and local butchers, or by their helpers, 
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who generally are inexperienced in skinning. This classification in- 
cludes ^^fallen” hideS; or those from animals that have died from disease, 
accidents, or natural causes, as well as those from animals that have 
been slaughtered for food. Coimtry hides originate in small numbers, 
in scattered and remote sections of the country, and seldom are treated 
in a careful and efficient manner with respect to skinning, curing, and 
marketing. The result frequently is a poor product of irregular pattern 
and trim, \sdth many imperfections. In normal years, hides produced in 
this country are about 75 per cent packer and 25 per cent country. 
Some hides, both packer and country, have a lower value due to tick or 


gnib damage or branding. 

Damage from ticks and grubs. A tick stings the animal, raising a 
welt, which leaves a wound and makes the finished leather spotty in 
appearance, although it does not affect its wearing qualities. A gnib 
is a worm, which, growing from an egg laid by a fly on the hair of the 
lower leg of the animal, bores into the flesh and works its way inside to 
the animal's back, where it makes a hole through the hide, through which 
it emerges and falls to the ground. There, after time and chang^ i 
again becomes a fly, ready to lay more eggs and repeat the cycle. 
holes made by the grub in the hide are about one eighth of an inch m 
diameter and are found in hides in all months of the year, with the large? 
percentage of grubby hides being produced during the months from 
December to July, inclusive. 

Sometimes there are so many grub holes found in a hide that it is 
referred to as a ^^pepperbox,^ and the damage to its value for any 
is obvious. Concerted action by cattle owners in killing the grubs be- 
fore they emerge from the cattle (and several well-known and effects c 
means for doing this are known) would effect a great economic 
The tick is found only in some of our Southern states, and it is b^ng 
eradicated in an effectual way by the establishment of "dipping ^ 
tions/' where affected cattle are submerged in an antiseptic bath, 
animal given care and kept clean in healthful surroundings is no 
likely to be annoyed by these pests. ^ 

Damages from branding. Branding of cattle results in a ban 
' the seller of the hide. The cattle raiser, in order to identify 


to 


applies a hot iron to the hide of the animal, sometimes on its rump 
at other times on its sides. In some cases, both sides of the ca ^ 
branded. These brands are of varying types, ranging from a ^ 
letter several inches high to a great design or series of initials o 
square. It is a practice which causes the loss of many tbousan » ^ 
dollars worth of leather yearly, "Where the brand is applied, ^ 
is seared so that the fibrous structure of the hide is destT 03 ’’C • 
branded part will not make a normal piece of leather. The cus 
branding cattle is slowly decreasing in this country, owing 
that Western ranges are more and more being taken over for cuin 
and the herds, consequently, are becoming more nearly domestic 
stock, being confined ^ 


other herds. There 


wdthin fences wffiere they cannot become mi^^ 
still exists, however, a considerable yearij 
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jvttrlbmahlr to ihi*' “ju prm'lir** of \ho i^nttlonu'n. It 

llu" of brnmling contimu*, tnn^ur^ n'romnuMu! thru hrund 

mfirk*' *-funrui j^luccft on the rheek, lun^k, or f-lKnitdcr, otui not on liu* 
body ji(?r{k»n of ihc 

Geographical Source of Pelts 

Sources of hulcj; nnd nUins. North and Potilh Anv'ricn, count rir- 
^utJi Yo*-t yrnriny Ihnd<» naturnily raiw^ (he onuh* Jjvffh tlmt ^upp!y n- 
\\\{h oiul veah The Ihntrd from it^ Wc*^lcrn eond** 

the larr,c4 (pjrmtity of cattle to tin' nrun Midvo^-^tern paekinj: renter**' 
The Arp'nUne, 'Aith it**' n>?h*t of p:itu\n\^f rn\-v^ rtun! !n-nU of cattle that 
^0 far in Mtpjdyisnt Iv.udnnd and other Kuroptau eoniurh>' *^v5th foofi. 
It U from thru* pao ^onreis itovt the tanner obtain^ mo^t of hb cattle 
!)tde< and calfskin''. Th\t the American tanner nhu import*? Inde.’^ nn<l 
rkhi< from otht r Sontlv Atneriean and Central American eountrie?? and. to 
n limited extent, from Kuropc, Amtralin, Auira, and Ciihm» dependinc: 
on wotUl market cnndithnp'* Cmmlrir^ \vhere the tnnninj: indu?tr>‘ h 
develop^ai and where the pupntation rerpuni^ nil the heavy leatiier that 
can hi' made are not e>»por(er> of lude^. On tlm other hand* ‘•ludi ermn- 
IrinH not. only Cnn ah hide> prodnced hut, like th^^ CVjtod f^tatr^, have to 
pp into the eWorld market.*' for a part of their rav/ nmterifd. 

The of ^>nep, p:ont, pic:, deer or buck, ostrich, ‘'UnV.e, lirnrd, alii- 
fmtor, **harl;, j-cah and watrin, n*' well as* hone and InifTalo hide.^ all arc 
of eon**iderable injpnrtance, Sheepdan*? and lumb.^kin*^ of many varictioi? 
arc n^ed in tnakmp leather, the total nuinher turuud each year in the 
Ifidtcd States l>*ant^ netiinliy prenter than the mnniyer of cattle hidcc* 
tanned; althmidn heeau**e of the roluttvely low value of thi^ type of 
leather per ekin, the total vuUie of annual produelion amount*^ to only 
12 or 13 per cent of that of ratticdude leather, 

3'he fheep ha** perhaps' tlm most extended ran[;e of all tlomoslic aniinal??, 
Japan bein." (he only eountiy in the world wlierc it doe*' not live. From 
the FaUvhuul and Faroe Ulund«, in the Far North from the AIuRellanic 
Tt*rritory of Chilo in the Fur South, the Fed Sen ar(’a in the Levant, from 
the arid rceioTis of northern Africa, from nearly all parts of North 
America, t*xee]>t cxlretne northern Canada, and from Australia, Europe, 
Amh, and somhorn Africa — wdth the exception of damp, tropical areas — 
from nil thesci sources, sheepskins flow into tlie world trade. 

Sources of Tanning Materials 

Tanning materials. Barks, woods, nuts* and leaves arc selected as 
tanning material in proportion to the quantity of active tunning sub- 
stance {tannic acid) they contain, to their availability, and to the quality 
of leather they will produce. 

The gathering of oak and hemlock bark in this country is still an 
indu*?tr\" of considerable size, and it has been greatly developed by in- 
creased demands of the tanner. By eareful analysis, it has been found 
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that many other vegetable growths contain the proper acids for tanniag 
comparable in every way with oak and hemlock liquors* The principal 
tanning material used in this countr>^, in addition to oak and hemlock 
bark, is chestnut wood, found in great profusion in our Southern forests. 
Tliis wood grows upon the mountainsides, is cut into logs, and is then 
brought to tlie grinding mill. Here it is ground by powerful cliipping 
mills to what resembles coffee beans. In this form, it enters the leaches, 
where the tannic acid is extracted from thc‘ wood, goes through several 
Xiurifying processes, is evaporated, and is sold to the tanner either as a 
powder or in concentrated form. The chestnut is one of Americans most 
beautiful trees. 

Tanning material imported. With all our vast areas of woodland 
of chestnut, oak, and hemlock, however, we must import great quantitip 
of tanning material, the most important of wliich is quebracho. This 
remarkable tree grows in Argentina and Paraguay. Its name is derived 
from the Spanish words ^^qiichrary^ to break, and ^^hacha,^ axe, or ‘‘axe- 
breaker/’ It has earned this name because of its flinty hardness. I^ 
shipped by rail or barge hundreds of miles from its stands in the great 
forests of South America to the grinding stations and extract worte near 
the seaboard. Here it is prepared for extracting (as is chestnut in tins 
country) and leached, and the extract is shipped to this countrj' m con- 
centrated form. We import some quebracho in logs, and the extracting 
is done here, but this is not the prevailing custom. As a tanning ’ 
quebracho is generally used in connection with oak or hemlock; n 
rarely used alone, 

Valonia, wdiich is the acorn cup of the Turkish oak, grows generally 
throughout Asia I^Iinor and is shipped from Sra3^ma, ^langroye is^ ^ 
rived from the bark of the mangrove tree, wliich grows in practically a 
tropical island districts. This material, mixed with other barks 
extracts, is widely used in the tanning of sole leather. Its increased use 
is somewhat retarded hv the difficulty^ found in collecting the hat 
Galls on the oak tree’s leaves are caused by insects which lay their egg- 
on the leaf or bud and so produce an abnormal growth. This gall nu ; 
when dried, contains a high percentage of tannic acid. 

Other tanning agents. Sicilian sumac is considered the best ol 
variety of tanning material, although good grades of sumac are foa® , 
some South American countries and in Virginia. The leaves are collcc 
and dried, then ground to a powder and shipped to the tannery fo^ 
ing. Sumac is used to produce light-colored, soft leathers. ^ 

Gambier is^ derived from a climbing shrub found in the 
East Indies; it is also gro^m in China to some extent. Only the 
of the plant are used. These are chopped and boiled ; the heaxT 
is then draxsm off in almost a pasty condition, allowed to cool, 
into cubes, in which form it is shipped. Gambier produces a soft lea 
and is much used in the production of glove leathers. , 

MjTobalans are obtained from the unripe, prunelike fruit oj a 
growing in India; they contain a high percentage of tannic acia? 
is invariably used with other extracts as a tanning material in la 
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sole leather or leather for machinery belting. Divi-divi is obtained 
from the dried pods of a tree natural to Central America; this extract, 
used in conjunction with extracts from other sources, is considered very 
desirable in the making of sole leather. Wattlebark is from various 
species of acacia, its principal points of shipment being in South Africa; 
its use is increasing on account of its high percentage of tannic acid. 
Palmetto roots also yield valuable tannic acid used in making soft 
leathers. 

Mineral tanning agents. Chromite, the mineral ore from which salts 
used in chrome tanning are made, is found in the Western states of this 
country, but most of this material used here is imported from out-of-the- 
way corners of. the world. British and Portuguese Africa supply most 
of our chromite, and Greece, Cuba, Brazil, and French Oceania provide 
us with quantities greater than we produce in the United States. 

The Manufacture of Leather 

Introduction of leaching. The period commencing with 1850 also 
saw the beginning of the more general introduction of ^'leaching^^ into 
tanning methods. As before, the tanning material was reduced to small 
pieces; but it was then put into large tanks, where hot water was per- 
colated through it, and thus a liquor relatively strong in tannins was 
obtained. This strong liquor was used in the tanning vats instead of 
plain water and aided the tanner to make better leather in less time. 

Preparation for the tanning process. The first stage in the prepara- 
tion of the hide for the actual tanning operation is to cleanse it thoroughly 
and to bring it back to the soft, pliable condition which it had as a part 
of the living animal. To do this, the hide is soaked for several days in 
water in rectangular pits called “soaks/^ the water being changed oc- 
casionally. When the hides are removed from the soaks, they are ready 
for the removal of the hair, which is the next preparatory step. 

Removing hair. The old-fashioned method to remove hair was to 
sweat the hide, setting up ^a slow decomposition on its surface, which 
loosened the hair and made it fairly easy to remove by hand with a 
blunt knife. The modern and surer method is through ^'liming/’ fol- 
lowed by dehairing in a specially constructed machine. The hide is 
placed in a strong milk of lime and frequently worked, or agitated, and 
lime is added as the solution weakens. According to the texture and 
thickness of the hides and to the kind of leather to be made, the time 
of liming may vary from 3 to 9 days. The liming not only loosens the 
hair but also tends to swell the hide and to make it temporarily more 
porous and more susceptible to the action of the tanning liquids. At the 
proper time, in the opinion of the tanner, the hide is removed from the 
liming solution, washed, and then placed in the dehairing machine. 
The hide rolls through this machine m much the same way as clothes do 
through a wringer, and as it comes out through the rolls, it has had all 
the hair removed and is clean and light gray dn color. 

^/The utilization of hair. The hair thus obtained becomes a valuable^ 



S82 


THE LEATHER INDUSTRY 


by-i^roducfc. It is dried, cleaned, and sorted; the coarser raixed qualities 
arc Uien largely used as a binder in plaster, while the finer ones go into 
tlic making of hair felts, carpets, blankets, and many other textiles, 
some of beautiful appearance and of great value. One interesting use 
of this material is in \\’adding for shotgun shells. 

J Removing surplus flesh. The next step is to remove from the inner 
side of the hide the surplus flesh so tlmt the “flesh” side of the hide 
becomes nearly as smooth and clean as the “grain” side from which the 
hair has just been removed. The “fleshings” coming from the fleshing 
machine or from the hand process are used in the making of glue. TIjc 
glue industry’ in this country’ is a large one, and many are the uses of 
this tannery by-product. 

J Edible gelatine. One of our purest and most digestible foods is also 
made from fleshings. Portions of the skin not suited for tanning, such 
as the ears, aio trimmed off and thoroughly cleaned, limed, dehaired, 
washed, and sterilized. During tlm liming, a portion of the hide sub- 
stance is converted to a substance that is soluble in very hot water. The 
purified hide material is extracted with steam and water and, when 
filtered and evaporated to a thick syrup, is the gelatine of commerce. The 
S 3 ^rupy gelatine, sparkling clear, is chilled in a refrigerating machine ana 
is then dried in pure air, out of contact with all dust and dirt. Finally 
the hardened gelatine is ground up, so that it can be packed. Immacu- 
late cleanliness exists throughout the gelatine plant, the final prodiict 
being in a class with other modern foods, in that it is not touched b} 
hand from the start of the process until it reaches the consumer. 

The tanning process. The notable characteristic of all hides an 
skins, however, is not so much chemical composition as physical struc- 
ture. They all are made up of a vast number of minute fibers, intricate y 
interlaced. This structure gives the hide its wonderful flexibility an 
strength, while leaving it sufficiently porous so that it can breathe, ^ 
mitting air and moisture to pass in and out through it. The problem 
of every tanner is to retain this marvelous fibrous texture of the hi e, 
with its strength and flexibility’ and power to breathe, and 3 'ct to nv ' 
the tanned hide so permanent that the leather will not rot or dissolve o 
materially alter under normal conditions of use. The tanner has foun^ 
several ways of doing this, and the description follovnng is of one 
the oldest and most-used processes. * a 

The hides, prepared for tanning as described above, may he 
through the tanning process as whole hides, but usually they are 
down the back, making two sides, in which form they go throug 
tanning operation. The first contact of the hide witli tanning m 
occurs in the rockers. > i 

The rockers, A rocker section consists of a series of vats about ^ 
long, 6 feet wide, and 5% feet deep, arranged so that tlie 
whether it be oak bark, hemlock, or a union of the two, or wn 
it perhaps contains a proportion of quebracho or one of the otlier 
tracts, comes from the bottom of one vat and overflows into the op 
the next. The “head,” or top vat, contains the strongest solutio 
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the tannin; and as it gradually makes its way through the vats, it be- 
comes weakened by the presence of the hides. It finally reaches the 
“tail,’’ or last vat, and then flows to waste, or part of it is recovered 
and used over again. The hides suspended on the frames of the rockers 
are moved slowly up and down; this movement ser^^es the double purpose 
.of agitating the liquor and producing an even absorption in the hide, 
which makes an even color over the entire side of the leather. Much 
care is necessary in this operation as, practically, the quality of the 
leather is determined by the attention the hides are given while they 
are in the rockers. It usually takes about 15 days to plump the hides 
properly in the rockers an^^to tan the grain sufiBciently to withstand the 
stronger liquors with which it will next come in contact. 

Lay-away vats. After the rockers, the hides are placed in the lay- 
away vats, which are much larger than the rockers, each hide being laid 
out fiat and sprinkled over with ground bark. The liquor solution is 
then pumped in until the vat is full, and the hides are allowed to remain 
there undisturbed for a period that varies with the kind of hides and 
the nature of leather being produced. The hides are changed in these 
lay-away vats generally about five times, and each time they are placed 
in a new solution; so that the entire operation, from the time the side 
enters the rockers until it leaves the lay-away vats, may be a minimum 
of 2 months and possibly as much as 6 months. 

The hide becomes leather. When the tanning is completed by these 
processes, or when the sides show that the tanning liquors have taken 
effect through the entire thicloiess of the hides in a uniform manner, they 
are removed and thoroughlj^ washed in warm water to clean off all sedi- 
ment. After being rinsed thoroughly, they are swabbed with oil, usually 
a cod oil or a mixture of this and mineral oil. They are then attached to j 
sticks and hung in the drying loft. This drying loft is generally dark- 
ened, and a good circulation of air is provided with a certain amount of 
moisture, so that the drying process is not too quick. If leather dries too j 
quickly, it is likely to become too brittle on the grain side; if it dries too J 
slowly, it is liable to mold. Great care must be taken in this operation. ^ 

The subsequent treatment given the leather depends upon the use to 
which the finished product is to be put. For instance, if tlie leather is to 
be used for the soles of shoes, it is put, while still moist, under a brass 
roll, which presses down hard on the leather as it rolls over it and so com- 
presses the leather, making it firm and solid and at the same time giving 
it a smooth and polished surface. 

If, on the other hand, the leather is to be used for harness or transmis- 
sion belting, it is put, while moist, together with a considerable percentage 
of grease, such as tallow, into a very large barrel-shaped drum. This 
drum is warm inside and revolves on a central axis, whereby the leather 
is tumbled over and over in intimate contact with the grease, until the 
grease has all been worked into the leather and some of the water has been 
worked out. When the leather has been taken from the drum, it is care- 
fully smoothed out by machine, so as to be smooth and flat and free from 
^ wrinkles. It is then dried. The extra grease thus put into the leather 
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adds much to its strength, often as much as 25 per cent, and, in addition, 
makes the leather more pliable — qualities that are particularly desirable 
in leather to be used for the purpose mentioned. 

Belting-leather requirements. Various modifications are made in 
the tanning process, as described, in order to make certain kinds of sole 
and belting leather. In the case of belting leather, the hides must be 
carefully selected so as to haA*e no imperfections, such as brands, grub 
holes, or tick marks. The leather should have a good driving surface, so 
that the belt vnll not slip on the pulley. It should have a certain amount 
of stiffness to prevent the belt from curling at the edges and tvdsting or 
vraving. It should be pliable to enable the belt to hug the pulley. It 
should have a high tensile strength so as to carry a hea^y load without 
breaking. It should have very little stretch but considerable elasticity? 
so that it vdl\ easily take up and let go its load as it travels around the 
pulley. It should be straight, so that it will run true on the pulley. It 
should resist external conditions — such as heat, moisture, and chemicals— 
so that it may do its work in an enduring way. 

Leather for soles. Leather tanned for the soles of shoes may be of 
very many descriptions. If tanned with hemlock bark, it is made hard 
and is used in shoes that meet rough usage. Again, it might be an oak- 
tanned hca\T piece of leather for the soles of men^s shoes or for shoe re- 
pairing, which will give long wear and still be light and somewhat pliable, 
or it may become a piece of leather for the very finest turned shoes worn 
by women, where the leather must be so pliable that the shoe can be 
turned inside out in its making. 

We have seen, therefore, that the finishing process, which has taken 
anywhere from 3 to perhaps 8 or 9 months, leaves the leather in tlie shape 
of sides having approximately half of the original area of the imtanned 
hide because of cutting along the middle of the back. The side may be 
sold, as it is, to the shoe manufacturer, wdio vdll use every part, of it ^ 
the making of his shoes ; or it may be sold as a back, which is a side wi 
head, shanks, and belly removed. The leather may be cut to small i 
mensions by the tanners and sold as strips or blocks, a strip being abou 
8 ^ 4 : inches wide by 2 to 2 % feet long, and a block about 12^4 
inches. Leather in the form of strips and blocks is mostly used by rc 
pairmen or sold through hardware and general stores to tliose w’ho repair 
their own shoes. The tanner, in many instances, will sell his leather a- 
backs and sides to the sole cutter, who, in turn, will sell to the shoe 
facturer in the shape of out soles, insoles, counters, heels, and box oe-? 
uniformly graded for quality and thickness. 

Bag and strap leather. Luggage leather is bark-tanned, a proces- 
similar to that followed in sole-leather tanning except that different tan- 
nins are used to make the leather softer than ordinary sole leatlier. Tonga' 
ness, to withstand wear, and fine appearance are sought as essential qna 
ties in leathers made for bags and cases. To this end, special care i- 
taken in the selection of the hides and skins tanned. Cattle bide is 
far the most important luggage leather. Largely because of their ^ 

ance, however, other types of leather are tanned for this sertdee. TbesKi 
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of calf, pig, boar, ^eal, i*))ark, and ostridi, as \\cll as elk, buffalo, 

and alligator hides, are used to soine extent. Sheepskin is often employed 
for linings. 

Upholstery leather. Although \ipho!steiy and decorative leathers of 
rare l)canty were made and used by the floors hundreds of years ago, it 
was not until after the dovelo])ment of the modern splitting machine that 
leather uphol‘itery us we know it today came into existence. 

The rattle hides u^-ed today for ujdiolstorj^ lontlier have to be scloctcal 
with care in the markets of the entire world, in order that the hides he 
large enough and iKM'fect. Borne of those fanned are as much SO 
square feet in area. In tlie finishing of the leather, which is usually 
vegetable-tanned, throe proccs^e^^ are followed: japanning, lacquering, 
or a combination of the two. 

Chrome tanning. While most of the leatlier for f'hoc soles, upholstciy, 
belting, and luggage i.s made with vegetable tanm^gc, leathers for sue!) 
important u.ses as the uppeiv of shoes are made almo.‘^t entirely with a 
cliromc tannage. Approxinu\lely one lialf of the leather made in this 
country now is chrome-tanned, including )u*arly all glove leather and 
most fancy leather. Where a blending of tljc qualities of chrome leather 
and vegetable-tanned leather is found desirable, as for certain types 
of belting, a combination of the two processes is \\<vih Tlie skins or 
split hides arc prepared for chrome tanning much the}' would be for 
vegetable tanning, btit befoio they arc eonverlcd to leather they are 
,swashed about in drum-^^haped wooden containers in a solution of com- 
mon salt or another ^imihlr material called a ^'picklo.^^ Tins process 
opens up the pores, so that, when the chroTue solution is run into the dnun, 
it penetrates the hide substance rapidly and completcdy. While montli? 
arc required to vcgctable-tan leather, the time icquircd for chrome tan- 
ning is much Ics*- — not over 5 or G hours being required to make light- 
weight leathers. 

Side-upper leather. Uppers for shoes arc made ]>rincipally from cow- 
hide or from calfskin. Tlie cowliido is cut in two pieces down the middle 
of the baclc^ and these pieces are called “sides/’ The sides arc then split 
into two or more layers, in order to make the leather of tlie piopcr thick- 
ness for use. This leather, made from cowhide sides so split for the 
upper parts of slioes, is called “side-upper leather/’ The splitting may 
occur at any one of several points in the process, depending upon the 
weight of the hide and the quality of leather being produced. For in- 
stance, it may follow the liming, pickling, or chrome drumming. When 
calfskin is being processed, no splitting is necessary because leather of 
the proper weight is made directly from the original skin, with only a 
slight shaving operation at points where it is somewhat heavy and 
uneven. 

Grain and leather splits. The piece of leather that was originally 
next to the flesh of the animal is called a “split,” as is any cut except the 
outer piece of leather, or hair side, which is called the “grain,” or “grain 
leather/^ From the grain, the finest side-upper stock of cattle liide is 
made. The split is sometimes used to make lower grades of side upper; 



286 


THE LEATHER IMDUSTRy 


sometimes it is finished into leather for gloves, shoe tongues, innersoles 
for shoes, or into leather upholstery or bag leather of medium quality. 

It is necessary to put life-sustaining oils and fats back into the hide 
substance to take the place of the natural animal oils that have been 
removed in tanning. The sides are again placed in the revolving drums, 
where they arc whipped about in a solution of water, soap, and oil, known 
as a 'Tat liquor/’ Neat’s-foot and cod oils, tallow, stearinc — a waxlike 
fat — and ordinaiy soap arc used. These materials thoroughly penetrate 
the hide substance, being absorbed by each tiny fiber. 

Sometimes dyes are added at the same time, or in a subsequent drum- 
ming operation. Here again, the woods of various trees proride impor- 
tant materials for the tanner’s use in coloring leather. Other dyes that 
are used come from coal-tar products and are called "aniline colors.” 
Very clever manipulation of these various dj’estuffs is required by the 
tanner to give his leather the beautiful colors found in modern shoes, 
particularly shoes for women. VHiile these arc made of calf rather than 
of cowhide side-upper leathers, the dyeing operations are nearly identical 
in both cases. On cheaper grades of leather, a coating of dry-paint 
colors or pigments is often applied, instead of aniline or other dyestuffs. 

following coloring, the leather is ready to be stretched and smoothed 
The side is then laid on a smooth slab and pressed with a blunt knife 
until it lies flat and until most of the water absorbed in the coloring 
drums has been squeezed out. Then the moist hides are dried either 
in chambers flooded with warm air or in ordinary lofts, where the diying 
is natural. Before the leather is ready for the finishing touches it has 
to stand for a few days to allow the fat liquor to work more fully into it 
Then each side is again moistened with water or dampened sawdust and 
given a mechanical softening and stretching, after which it is stretched 
out on boards while still damp and tacked or nailed around the edges, so 
that the leather lies taut. This pulls out all the wrinkles and takes ou 
most of the stretch. A final drying follows, and the leather, dull and 
without luster, is ready for finishing or glazing. ... 

Glazing consists of subjecting the leather to friction by rubbing itwitn 
a glass cylinder. Where a dull finish is wanted, a revolving brush 
stead of the glass cylinder is used. For a very high finish, a seasoning 
is applied, and the glazing is repeated. 

Patent leather. No matter how many times the glazing is done, 
very high luster of "patent leather” cannot be obtained in tbis*''^^! 
For this kind of leather, the skins are taken, after coloring, to an 
tion in which naphtha removes the surface grease left from fhe 
liquoring process. Then the skins are spread out, tacked on fram^? 
and coated by hand with special paints and colors. Several coats ar 
usually required, with alternate baking and rubbing dovm vdtli pumic^ 
In order to make the finish hard, bright, and firm, the leather, follo^'J^^ 
each coat, is exposed'to bright sunshine, in vdnter as well as in 

Calf leather. Uppers for the very highest grades of shoes are ve 
frequently made of calf leather, because this is a leather particula 
well adapted to withstand scuffs, knocks, and hard wear, Becaus 
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stands up well, is very comfortable, and is of fine appearance, chrome- 
tanned calfskin is used, not only for uppers for the best of plain shoes, 
but also for the delicately tinted shoes that today complete the fashion- 
able wardrobe. Calf leather is also employed for making fancy leather 
for bags, purses, and fittings, for bookbinding, for gloves and garments, 
and for some kinds of luggage. 

Fancy leather. Articles from scissors cases to collar bags, from pocket- 
books to shoes and slippers, are made of leather, with almost every color 
represented. The surface texture varies from hard, smooth finishes to 
unusual grain designs of many kinds. Leathers for trim, for novelties, 
for unique application, where appearance is the factor of primary im- 
portance, are generally grouped under this classification of ^^fancy 
leather.” Calfskin is an important fancy-leather material, but there 
are several others, including the skins of sheep, goat, deer, ostrich, snake, 
lizard, alligator, shark, and seal. Production varies in quantity, be- 
cause, except for the first three mentioned, the supply of the birds, 
animals, reptiles, and fish used in making them is somewhat limited and 
uncertain. 

Horsehide and coltskin. Cordovan leather, so named because it was 
first made in Cordova, Spain, comes from the butt of horsehide. Cor- 
dovan leather, quite like our cuticle or finger nails in texture, perhaps 
^^breathes” less than any other shoe leather in use. 

This leather and others made from the same raw material amount in 
value to 2 or 3 per cent of the total of leather production in this country. 
Some horsehides are imported from France and from Russia, although, 
in normal times, the United States is nearly independent of outside 
sources for this raw material. Colt skins, coming from immature horses, 
formerly were brought over extensively from Russia. A very fine- 
grained leather is made from selected horsehide for shoe uppers, work 
gloves, and rugged garments, and also for a patent leather known as 
‘^patent colt.” 

Sheep and lamb leathers. In addition to fancy leathers, many stand- 
ard leathers for special purposes are made from sheepskins and lamb- 
skins. One important group of such leathers is that produced for making 
gloves. Lambskins are the most important raw material for this type 
of leather, which is finished in smooth form, in suede, in mocha, and 
in napa. The tannage depends primarily on the finish of the leather, 
and it may be chrome, oil, or of a special nature involving the use of other 
chemicals. A considerable volume of unsplit sheepskins and lambskins 
is converted into leather suitable for the linings, stays, and facings of 
shoes. Depending on the breed of the sheep from which the skins come 
and the use to which the leather is to be put, tannage is either chrome 
or vegetable, or in some cases a combination of the two. Leathers for 
clothing, for buffing wheels, for swcatbands in hats, for parchment — 
the material used in making such documents as diplomas — for piano 
parts, and for pouches in meters to measure gas are among the 50-odd 
special leathers made from sheepskins and lambskins. 

A strange member of the sheep family provides the cabretta skins; 
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they are animals called **haired sheep.’’ They resemble sheep in most 
respects but differ from them in having hair like that of a goat instead of 
wool. Slightly more than 3,000,000 cabretta skins are imported each 
5 "ear from Brazil and Africa. 

Goatskins and kidskins. Numerically, the goatskins tanned in the 
United States run high, but the size of the skins is small. Per unit of 
weight goatskins are the most expensive of the major varieties of hides 
and skins, being exceeded only by kangaroo skins and a few minor spe- 
cialties. Europe, east Central Africa, South America, India, and south- 
ern United States are the chief producing areas. The goat, lik(? the 
sheep, is hardy, but its resistance to extreme cold is not so great, and 
its adaptability to warm climates is proportionately greater. 

Early records show that goatskins share with sheepskins the reputation 
of having been used in making leather in antiquit}". As both these 
skins were a regular source of leathermaking material in those days so. 
at the present time, they provide us with one of our most important 
standard shoe leathers, namely, glazed Idd. Chrome tannage is em- 
plo 3 "cd for making most of our American kid leather. Morocco is a 
fairly important vegetable-tanned goat leather. Small amounts of goat- 
sldn are tanned for upholsterj’^ service and for bag and case leathers 
Pigskin. Tire distinctive appearance of pigskin leather gives it a 
prominence not justified by the amount actually tanned in the Unite 
States. A \ery small number of pigskins are imported from southern 
Alexico and from the River Plate region, because of their unusual sur- 
face texture. The smoothest pigskin comes from Europe, where the ani- 
mals are treated with as great consideration as are pure-bred cattle lu 
this country. Northeastern United States is the principal domestic source 
of pigskins for tanning. 

Pigskin might be classed as a fancy leather, a luggage leather, or & 
shoe leather. Removal of the bristles from the skin leaves a distinc ' 
marking that is characteristic. These bristles, deeply imbedded, 
in groups of threes, the holes left on removal of the hair identif} 
leather. Tanning is made diflScult by the high oil content of the pig- ’ 
and the supply of the raw material suited to tanning is governed som 
what by the packing processes that precede the take-off of the » 
Deerskin. Tanned with oil or with a chemical called “formalden) 
and more recently with chrome, deerskin makes the buckskin leaticr ^ 
commerce. This is important as a glove material, for use in 
such as riding breeches, to some extent for novelties, for piano _ac lo^^^ 
and for shoe uppers. The glove and gannent industries use consi 
quantities of buckskin leather made from the skins of animals ^ 
deer species. These skins are almost entirety imported either from 
America or from Canada, although the number of countries 
to our supply is great, including northeastern Africa, southern ana 
em Asia, and the East Indies. ^ Ijjis 

Ostrich skin. The tiny rosette that marks ostrich skin 
leather distinctive. It is peculiar also in that it is the only ^ 
from the skin of birds — ^birds that are raised principally on la 
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South Africa. Since plumes are the product for wdiich these birds are 
raised, the skins are taken from animals that die or that have passed 
their period of usefulness, so the amount of the leather tanned is very 
small. Ordinarily, this leather is finished in the natural color, which 
is very pleasing. Because of the relatively small size of the skins, only 
comparatively small articles can be made of this rosette-marked leather. 
The grain of genuine ostrich is quite frequently embossed on calf and 
cowhide, because these skins are much more readily available than is 
ostrich. 

Sn^keskins and lizard skins. Snakeskins vary a great deal in ap- 
pearance, and since the tanning process serves to stress tlie original 
markings, leathers made from these skins are peculiarly distinctive. 
Lizard skins fall in the same class. The pythons, boas, and anacondas, 
because of their size, are of the greatest value for leathermaking. Other 
groups include the water snakes and the poison snakes, which produce the 
most beautiful effects and colors, and are therefore widely sought in the 
desolate jungles and waste places throughout the world. Because the 
available supply of these skins cannot meet the demand for them, they 
are simulated by embossing other leathers of greater strength — ^including 
sheep, goat, and calf — with a snake grain. 

Alligator skin. The manufacture of alligator leather started at a 
time when there was an abundance of these animals in Florida”', and 
alligator leather continues to be almost exclusively an American product, 
although it has now become necessary to import a considerable number 
of the skins. Differing from most other leather-producing animals, the 
alligator requires more than 100 years to come to its full size, and for 
that reason, dependence for raw material is necessarily upon those regions 
vdicrc alligators thrive in the wild state. Latin America and Africa are 
now shipping these skins to American tanneries. 

Skins of marine origin. The hair seal, walrus, and shark are the 
principal marine sources of materials for the tanner. The first two of 
these are brought in by ships that set out once a year from Newfoundland 
and from Norway to the subarctic region, where the seal and walrus 
flourish. Shark skins come from tropical waters, particularly off the 
coast of Australia, 

Seal leather. Heavier sealskins make a grade of vegetable-tanned 
leather that is used for covering traveling bags and cases, but the bulk 
of sealskin is used for the production of regular fancy leather. It is 
fairly strong, but the supply is not sufficient to allow its use in such 
articles as shoes, although a limited amount is used in the British Isles 
for furniture upholstery. • 

Walrus and buffalo leather. Walrus leather is chiefly important 
because it is both very thick and very tough, having a coarse texture 
that fits it well for the buffing wheels used by jewelers and silversmiths 
in polishing their wares. No other leather has been found that takes 
the place of walrus for this service. 

The only other important raw material from which leather is made is 
the hide of the true buffalo, an animal common to southern Europe, east 
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of Italy, and to southern Asia. The buffalo bears a resemblance to our 
Shorthorn cattle in appearance and is a beast of burden, particularly 
in semitropical rice fields. Its hide is coarser than that of cattle, and. 
in normal times, it is used only to a very limited extent in this country 
for leathermaking. Buffalo leather, having a grain quite similar in ap- 
pearance to that of walrus, is largely confined, in normal times, to 
making luggage; but when a great shortage of cattle hide exists, it can 
be made into a somewhat porous leather for shoemaking. 

Kangaroo skins. The skins of kangaroo and w'allaby, a species of 
kangaroo, make one of the most perfect upper leathers. Until ^oui 
50 years ago, these skins were thought valueless, until an American 
tanner discovered their usefulness. Since then, the production of kan- 
garoo leather has been a comparatively small but stable branch of the 
industry. American tanners import approximately 1,000,000 kangaroo 
and wallaby skins a year, chiefly from Australia. Kangaroo leather 
differs from other types in having a particularly tightly woven skin 
structure, the closely intertwined fibers running in all directions. Be- 
cause of this peculiar structure, the leather is the strongest knoum for 
a given weight and thickness. In service it does not readily scuff 
crack, and it makes shoes both attractive in appearance and cxtrcmel} 
serviceable. Many athletic shoes, where both strength and comfort arc 
extremely desirable, are made of kangaroo leather. 

Supremacy of American leather. The ramifications of tlm lenihcr 
industry are many, and it may be safely said that there is no 9 
wherein greater care is exercised to turn out an honest and dependa c 
piece of merchandise. No two hides are alike, just as no two peop^ 
are alike, and it‘practically becomes a case of taking infinite pains wit i 
each individual hide. A hide is nature*s product; it rarcl}" goes 
if properly treated, and a well-tanned piece of leather is something 
cannot be approached by anj’thing that man can fabricate. It ha- 
inherent quality of containing millions of fibers, closely knit, 
tanning, become stronger than in nature and still retain their pl^a J 
and their impersiousness to w^ater and also still allow the 
breathe by admitting a certain amount of air, just as the}’’ did w i 
they were on the creature back. The other constituent pnrt^ o 
hide are made nearly indestructible by tanning, and the leather 
a product which it is impossible to duplicate and which has 
worth over centuries of time and has never been approached for Qoa 
in any wa}-. 

Today^ tanning follows approved scientific methods. In the old 
the quality of the leather made was due entirely to the skill of the 
tanning was an art and not a science, mile it is not strictly 
claim that conditions are now reversed, it is fair to say that 
made today wdtli far greater certainty, by much more definite 
tific methods, and under laboratoiy^" control. A laboratory ‘ 
in every' modem tannery. To insure proper quality, strength? 
forth, raw materials arc most carefully tested before being 
manufacturing processes arc controlled with the help of 
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supplied by the hiboratoiy. Finished goods are expected to conform to 
standard specifications. The scientist has a very difficult problem on 
his hands in his effort to reduce the making of leather to a mathematical 
certainty, but he is steadily making progress. The tanners, appreciative 
of the value of fundamental knowledge of the laws governing the making 
of leather, all the way from the preparation of the raw material to the 
finish of the final leather, have established a research laboratory at the 
University of Cincinnati, where the entire time of a most able staff is 
’devoted to exhaustive study of this subject from all sides — chemical, 
phy^cal, and bacteriological. The leathers made in the United States 
are unexcelled in quality by the product of any other country, and the * 
forward strides constantly being made by the leather industiy promise 
continued supremacy for American tanners. 


Marketing Hides 

Methods of marketing hides. The marketing of hides is so inter- 
woven with their quality and condition that it is difficult to give a clear 
picture of how they are marketed. 

The primaiy distinction in cattle hides produced in this country is 
between packer hides and sldns, and between country hides and skins. 
Packer hides are again divided between big packer hides and small 
packer hides. 

Packer hides and skins are taken off in establishments where the 
slaughter is of a wholesale character and where labor is employed for 
the one purpose of removing the hide. In those large establishments, 
the work involved in skinning the animal is so divided that each operator 
performs only part of the task and, therefore, becomes very proficient 
in what he does. The hides are taken off in large numbers and are uni- 
formly skinned, graded, and cured. The result is a product of uniform 
selection, good pattern, and good trim, with a minimum of butcher im- 
perfections. 

Country hides and skins are taken off by farmers, ranchmen, or local 
butchers, or by other helpers who are usually inexperienced in skinning; 
the hides, therefore, show a number of cuts, which obviously lower the 
^radc of the leather that is produced therefrom. Country hides include 
liides removed from animals that have died from disease or accident, as 
well as from animals that are slaughtered in small shops for food. These 
hides originate in small numbers and are scattered all over the country. 
They are seldom treated with care and are, therefore, of an inferior 
quality, which is usually reflected in the price. 

The packer hides are usually sold direct by the packing company to 
the tanner. The transaction for the smaller tanner is usually handled 
by a broker. Country hides are usually handled through dealers and 
are purchased for the tanners either direct from the dealers or through 
the tanner’s brokers 

Foreign hides are usually purchased through brokers, either in this 
country or abroad. Inasmuch as the hides from various countries are 
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handled in various ways, it is diflScult, if not impossible, io give the 
marketing conditions in each instance. 

Methods of Financing 

The capital invested and methods of financing in the tanning industry 
vaiy^ from one company^ to another. There are many tanners in the 
United States who operate but one plant. This very’’ frequently is a 
small operation, which is personally financed by the owner, together mth 
such assistance from local banks as may be required from time to‘ time 
• to take care of peak loads. The large tanning companies are usually 
stock companies and are, therefore, financed through the issuance of 
preferred and common stocks and, in some cases, bonds. In these com- 
panies, it veiy frequently becomes necessary to make loans at the bank? 
This is usually the case when it is necessary to carry increased inven- 
tories. 


Important Legislation 

Important legislation affecting tlie tanning and leather industnes 
recent years has been the placing of a tariff on the importation of hio^ 
and skins of the bo\dne species and the compensatory duty placed on 
leather at the same time. There was only one other time in the histoo 
of this country^ when we had a tariff on the importation of hides. 
a tariff does not appear to be economical for the reason that the 
tion of hides and skins in the United States is not sufficient to mee 
domestic requirements. The tariff, therefore, places a hardship 
the American public to the extent of the tariff imposed. j 

There is, of course, other legislation affecting the industry, some 
wdiich is local, relating to compensation insurance and labor, as v'c 
local and Federal laws relating to taxation and sewage disposal. 

Possible Future Developments 

As in many other industries the possible future developments of 1^ 
leather industry are dependent largely upon research. In order o 
\’idc for development along this line, the National Organization o 
Tanning Industry has established a research laboratory in 
vith the University of Cincinnati, where work is going on 
confined entirely to research; and it is highly probable that, 
laboratory*, the industry^' may develop, in the future, many’' new open 
or methods of tanning, 

The economic signiHcance of the leather industry to our 
development. Inasmuch as the leather industry is one of the 
mental industries of the world, it is obvious that it plays a verj' 
tant part in our present and future economic and industrial 
As leather is used for so many purposes and in so many 
many of our large industries, it naturally has a very importaDt o • 
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upon industrial development. The value of this influence cannot be 
estimated in a monetary way, but as there is no substitute to take the 
place of leather, we can safely say that we are dependent upon the 
production of leather for the progress and continuance of industry as o- 
whole. 



14 

The Sugar Industry 


Our national sugar bowl must be filled to the tune of more than 
5,500,000 tons annually, and two thirds of this requirement is the prod- 
uct of the great seaboard cane sugar refineries. The sugar refining com- 
panies represent a capitalization exceeding §200,000,000 and furnish 
employment directly to some 18,000 wage earners. Their input is raw 
cane sugar which comes chiefly from Cuba, Hawaii, Puerto Rico, and the 
Philippines, with a minor proportion from Louisiana and a very small 
quantity from elsewhere in the world. The remaining third of the sugar 
consumed in the United States consists of home-growm beet sugar, and 
Jircct-consumption cane sugars manufactured in Cuba, Puerto Rico, the 
Philippines, and Hawaii, along with a small quantity of '^plantation 
whites” made directly from the cane in Louisiana. The following table 
shows the sugar consumption of the United States, classified as to source: 


Taele 1 

CONSUMPTION OF SUGAR IN THE UNITED STATES'. 



WS9 

Average for 1937-38S9 


Tons 

8,240 Pounds 

Per Cent 

Tons 

2,240 Pounds 

Per Cent 

United States refined cane sugar 

3,303,425 

68 5% 

3,545,586 

62.8% 

United States beet sugar . . 
Cuba, United States Insular, 

1,391,972 

24.6 

1,201,966 

21.3 

Louisiana, and foreign white 
cane sugars 

953,116 

16.9 

1 

900,163 

15.9 

Total 

5,648,513 

; 1000 

5,647,715 

100 0 


History of Cane Sugar 

Early history of sugar. Crystallized sugar was undoubtedly first 
obtained from the sugar cane {sacchanmi officinantm) , The origin of 

'Based on estimates fiom AY diet t and Gray’s Weekly Stalislical Sugar Trade 
Journal (January 18, 1010), page 19. 
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the sugar cane is lost in the forgotten legends of inylholog}% but some 
mention is made of it in wTitten records that go back far into antiquity. 


Early Chinese \Yritings indicate that it w’as first known in India. The 
prophet Jeremiah refers to ^^sweet cane from a far countiy".” In the 
records of the expedition of Alexander the Great down the Indus in 325 
B.C., Nearchus, an admiral of the expedition, mentions '^honey-bearing 
reeds undoubtedly a reference to sugar cane. 

As to the production of crystallized sugar from the cane, this may have 
been accomplished, though probably in a very crude way, at least as 
early as tlie time of Nero. Dioscorides, who lived during the reign of 
Nero, wrote: '‘There is a sort of hard honey which is called saccharum 
(sugar) found upon cancs in India, It is grainy like salt and brittle 
between the teeth, but of sweet taste withal.'^ At any rate the art of 
sugar manufacture was knovm in the seventh century^ for Tai-tsung, 
Emperor of China from G27 to 650 a.d., sent ambassadors to India to 
learn how to extract syrup from tlie sugar cane and to boil do^m the 
liquid into a soft paste similar to the darkest grades of modern brown 


sugar, but certainly of inferior quality. 

The Arabs brought sugar cane from the Nile Valleys to Sicily? whence 
it spread to Spain and successively to other countries bordering on the 
Alediterranean. In tlie fifteenth century^, the King of Portugal sent 
a personal gift to the Governor of the Canary Islands cuttings of the 
cane. Cultivation was successful and from these islands sugar cane 
spread to Brazil, San Domingo, and later to Mexico. From the 

Jesuit missionary fathers of San Domingo carried it to Louisiana 
1751, but more than 40 years elapsed before sugar w’as successfully 
produced from the cane. 

Cane sugar in Louisiana. As early as 1759 a mill w'as built, but 
efforts to cry-stallize sugar were unsuccessful at that time. Don Antouio 
Mendez, a Spanish colonist and government official, with the help u a 
Cuban sugar maker, succeeded in graining sugar, of w'hich a few barre ^ 
were produced in 1791. Three y^’ears later Etienne de Bore Iqi 

cane wdiich he had purchased from Mendez, and in the same yeaq 1^ ^ 
he produced a crop of sugar which sold for $12,000. Many other 
quickly’' followed the example of de Bore in the manufacture of sug‘ 
from the cane and most of them grew* wealthy’’ through this enterpn- 

Ever since those early days Louisiana has continued to produce 
but it has not shown the progress in sugar production enjoj^ed by 
and our insular possessions, which have more favorable climatic ^ 
tions and lower production costs. In addition Louisiana suffere 
^a^ages of a cane pest, known as mosaic disease. Sugar ip 

Louisiana declined from a maximum of 355,000 tons in ^ 
42,000 tons in 1926-1927. Since 1926 a more resistant variety^ u ^ 
newly’' developed in Java, has been introduced into Louisiana, an 
has been a partial recovery in the industry. The 193949 Iu 
amounted to 401,000 tons. ^ jp. 

Early refining. The refining of sugar, in but a crude way, 
troduced by the Egyptians in the eighth century. The developnae 
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refining methods must have been exceedingly slow during the succeed- 
ing centuries, for it was not until 700 years later that the advent of 
sugar loaves was recorded. In the fifteenth centiuy a resident of Venice 
received a reward of 100,000 crowns (about §112,000) for the invention 
of a method of molding sugar into loaves called de Venise/^ 

More centuries elapsed before pure sugar was produced at a price at 
which it could be enjoyed by all; indeed, as late as 1742 the market 
price of sugar in London was §2.75 per pound. From that time the 
consumption of sugar has grown until today it constitutes one of the 
largest single items of food to pass through the hands of wholesale and 
retail dealers. 

Beginning of refining in the United States. The cane sugar refining 
industry of the United States is said to date from the establishment by 
one Nicholas Bayard of a sugar house in New York in the year 1730. 
Previous to that time the purification of sugar had been practiced in a 
crude way and on a small scale by bakers who resided in the seaboard 
towns, where casks of Muscavodo and Cassonade sugars from the West 
Indies were frequently landed. The former was a low-grade raw sugar, 
imperfectly drained of its molasses, whereas Cassonade was freed from 
molasses by being poured into conical molds and covered with damp clay. 

Early refining methods. Bayard and later pioneers in the industry 
heated the raw sugar with lime water and added raw eggs to coagulate 
impurities, which were then removed by skimming and filtering. The 
partially purified liquid was concentrated in open kettles until crystal- 
lized and then poured into conical molds. At the bottom of each mold 
was a small opening for drainage of the mother liquor. The mass in 
the mold was covered with moistened clay, the water from which, drain- 
ing down through the sugar, removed the adhering molasses. The loaves 
were finally removed and dried in ovens. The single-refined loaves, 
before drying, were frequently melted, and the whole process was re- 
peated. In this way ''double-refined^^ loaf sugar 'was produced. Thus it 
will be seen that in those times, as today, the process of sugar refining 
was essentially one of purification by recrj^stallization. 

Boneblack and the vacuum pan. Immediately after the Revolution, 
animal blood, which had been in use for a considerable period in Europe, 
replaced eggs as a clarification agent. Beginning about 1830 methods 
that were forerunners of modern practice began to be adopted. The 
vacuum pan and animal charcoal were introduced in American refineries, 
while the old blood defecation gradually gave way to defecation by 
chemicals, such as a combination of alum and lime; then phosphoric 
acid and lime with bag filtration took the place of sidmming. During 
all this time and, in fact, until some year after the Civil War, refiners 
practiced the ancient method of purging the sugar of its syrup, which 
; involved thousands of molds, vast floor areas for storing these molds, 
f and great waste of labor for handling and of time for purging and drying 
^ the sugar. 

' Modern centrifugal machines finally replaced the old "fill house” of 
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the seventies and eighties, and the drying ovens were superseded by the 
modern “granulator/^ 

Pioneers in refining. From the venture of Nicholas Bayard in 1730 
until the cost of refining sugar was lowered by centrifugal separation to 
a point that paved the way for a remarkable expansion of the industry’, 
tlie path of progress was blazed by worthy pioneers whose enterprise 
and thrift laid the foundations of that great branch of the nation^s 
business, our modern sugar refining industry. Archibald, of the firm of 
Archibald and Delafield in New York, was an early genius in the inven- 
tive field, as is shown by the granting to him of manj’ patents for im- 
provements in manufacturing methods and equipment. His firm seeni? 
to have been first in this country to adopt boneblack filtration and the 
vacuum pan. Professor Chandler, of Columbia University, was the 
outstanding pioneer in the chemistry of sugar refining, a department oi 
the industr}’ that has played no small part in developing the refining 
process to its present high state of efficiency. The polariscope, an op- 
tical instrument used to determine the percentage of sugar in all classed 
of saccharine products, was first used in America by one of the refinenes 
in Philadelphia. Among the later technologists of the industry no name 
is so well known and so imiversaUy revered as that of Henry E. iNmiC 
During his association of more than 50 years witli the industiy^, an 
until his death in 1929, this dean of American sugar refiners was at some 
time the consultant of nearly every sugar technologist in this coimtr} 
and of many abroad. 

Family ownership. The ownership and business management 
the American refining industry was somewhat of a family affair 
the time of its inception until almost the end of the last century. 
started by partners, a refinery would pass to the sons of one or botli 
in turn, to their sons, through several generations. ^lany 
families reaped large fortunes from the profits of their refineries. 
in the last quarter of the century, competition became ever 
financial strength, the introduction of modem machinery, and perfre m 
of the process determined the sur^rival of the fittest. The 
family of New York and Brooklyn had been connected with the rs 
industry since 1805, and the decade of the eighties found their desce^ 
dants occupying a leading position in its commercial and operating 

H. O. Havemeyer and consolidation. Henry 0. Havcme}ej 
the need for both physical and financial concentration and conso i 
of refineries, and in 1887 he organized the Sugar Refineries 
Out of this corporation grew the American Sugar Refiner}’' jjj 
(1891) , which produces about one quarter of the cane sugar refm 
the United States. ' . ^ 

]Mr. Havemeyer continued to lead the great enterprise he 
until his death in 1907, and earned himself a place among the g ' 
generals of American industry. 

The volume basis. During the years that followed this 
consolidation many small and uneconomical refineries were thf 

Tlie best of the existing plants were enlarged and improved. « 
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now refineries that have since been erected are titans compared to the 
old-time sugar houses. Only by great volume can the unit cost of 
production be maintained at a competitive level in this industiy. 

History of Beot Sugar 

While sugar refining was marching along in the front rank of American 
industrial development; the beet sugar industry was established, wavered 
uncertainly for a time, but finallj", nurtured by bounties and highly 
protective tariffs, found a foothold in the West. It now furnishes more 
than one fifth of the total quantity of sugar consumed in the United 
States. 

Early history. Andreas Marggraf of Berlin, Germany, first demon- 
.strated in 1747 that sugar could be extracted from beets and crystallized. 
Forty years later a pupil of jMarggraf named Franz Karl Achard suc- 
ceeded in increasing the sugar content of beet roots by cultivation and 
made sugar therefrom in something like a practical way. The work of 
Achard aiiractcd the attenlion of Friedrich Wilhelm III, King of Prussia, 
who provided Achard with money for a beet sugar factory that started 
operations m 1802. Other factories followed in Prussia and efforts were 
also made in France to manufacture sugar from the beets. By 1811 it 
had become cvulcnl that beet sugar manufacture could be made a success- 
ful undertaking 

On ^Nlareh 25 of that historic year, Napoleon Bonaparte, in order to 
relieve the of the French people, whose supply of imported sugar 

was cut off by the British blockade, issued the famous edict that estab- 
lished the beet sugar industry in France. From that moment its develop- 
ment was rapid 

The advantage of having a domestic source of sugar supply that would 
not be cut off with each new war, was patent to the nations of Europe, 
and the new industry was accordingly encouraged by bounties and pro- 
tective tariffs. Competitively it was helped by the abolition of slaver}^ 
in 'one after another of the principal canc-growing lands of the world 
(1834 to 1880). The world production of beet sugar steadily climbed at 
•a more rapid rate than that of cane sugar, until in 1896-1897 it substan- 
tially equaled the latter. This relative position was maintained with 
little change for about 17 years — that is, until the outbreak of the War 
of 1914 to 1918. 

Devastation by the First World War, As a result of the First World 
War, in which vast areas of beet fields had been turned into battlefields 
and industry had been generally demoralized, Europe’s sugar crop fell off 
from about 8,000,000 tons to a low of 2,600,000 tons in 1920. The de- 
mand of Europe for outside sugars that accompanied the diminution of 
European production was the signal for enormous expansion in the cane 
sugar field, notably m Cuba. The table on page 300 gives world pro- 
duction of cane and beet sugars for a few euily years at the start and close 
of the War of 1914 to 1918 and thereafter at 5-ycar intervals. These 
‘ figures illustrate the sweeping effect this war had upon the world’s sugar 
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crops and the subsequent recovery of beet sugar, nurtured by legislation 

Beg'iLlnrs^S^beet sugar in the United States. The beet sugar ente^ 
prSe first to achieve success m the United States 
Dver at Alvarado, California, in 1879. Dating from 1S30, m ^uci >c. 
James Vaugh and James Donaldson built a small factorj' at 
sporadic attempts had been made to start the manufacture o - 

in no less than 10 states, including ^ J.’livcd 

California. The same E. H. Dyer had pre^uously 
venture at Alvarado 10 years prior to the successful 
mentioned. All these attempts failed, how e^e^, ^jj^fadure 

Icnowledge of methods for the culture of sugar beet. the man 
of sugar therefrom. Following Dyer’s successful venture C a^ 
kels, who was destined to become an outstanding figure m tl 
try of America, built a beet sugar at Tl atsomifie, ^ 

1888; and in the following year the Oxnard Brothers, wh 
gaged in sugar refining at Brookljm, Aew iIJto^be 

Land Dland, Nebraska. This enterprise cLtnl 

American Beet Sugar Company, now known as the . 

Sugar Company. A number of other beet sugar projects were 

only to end in failure. 


Tabijb II 


WORLD SUGAR PRODUCTION® 
(In,Tons of 2,240 Pounds) 


Year 

Produclion 
Cane Sugar 

Prodticlion 
Beet Sugar 

Production 
Total Sugar 

Percent^a'^f 

Canc 

ISSS-ISSO- 

1895-1 897» 

1953-1904 

1013-1914® 

4,289,300 

5,091,857 

6,838,931 

9,801,536 

2,229,973 

4,954,032 

6,820,201 

8,634,942 

6,519,273 

10,015,889 

13,659,135 

18,436,478 

63^ 

50.7 

50.1 

535 

7l»l 

1917-1918 

12,365,069 

12,227,125 

15,895,836 

17,633,924 

15,526,269 

19,330,205 

19,037,427 

5,015,262 

17,380,831 

7S.0 

1919-1920 

1924-1925* 

3,273,798 

8,093,453 

15,500,923 

23,988,789 

CG5 

055 

020 

1929-1930 

9,175,319 

26,809,243 

1931-1935 

9,530,585 ' 

25,056,854 | 

30,446,122 
29,897, 305__ 

r,9 5 

1939- 1940 

1940- 1941 

11,11.5,917 

1 10,850,873 



• IncluiiinK 101 citiiiinted production for India not given in Wilicttaud Om. 


'^riic carlief 

Legislative encouragements and discouragements, a ),oun‘r*‘ 
sugar undertakings were generally motivated by some foiiu o 
tax exemption granted by the states. In several cfiscs, 'itional b? 
bounties were quickly repealed or were declared unconstin 
courts, all of which brought rather more dowms than ups 
industry. 


'Ibid. 



THE SUGAR INDUSTRY 


301 


The jMcKinley Tariff Act of 1891, although admitting foreign sugar 
without tariff duty, provided for a bounty of 2 cents per pound on sugar 
produced in the United States testing over 90 degrees (by polariscopc) , 
and of 1% cents on sugar testing 80 degrees to 90 degrees. Beet seed and 
sugar machiner}’ were admitted free of duty. The constitutionalit}' of 
the bounties was questioned and the matter was still before the Federal 
courts, when the Wilson Bill of 1894 was enacted, repealing the bounty 
provision and fixing the duty on sugar at 40 per cent ad valorem. As 
raw sugar was then worth about 2.5 cents per pound, protection was 
afforded to domestic sugar to the extent of only 1 cent as against 2 cents 
per pound under the bounty system. 

itevival (htc to high tarifj of 1897. A fresh impetus was given to beet 
sugar production by the Republican tariff of 1897, which fixed a basic 
duly of .95 cents per pound on sugar testing not above 75 sugar degrees, 
and of .035 cents per pound additional for each additional sugar degree 
(one sugar degree equals 1 per cent sucrose by weight). This legislation 
acted as a powerful stimulus to the beet sugar industry, and more tlian 20 
new factories were built in the ensuing 2 years. Only about half of these 
were successful, but the industry had now gained a firm foothold and 
there was no longer any question but that beet sugar had come to stay, 
with the liclp, to be sure, of adequate tariff protection. 

Tadue III • 

UNITED STATES BEET SUGAR PRODUCTION FROM 1930 TO 1010 

"Sugar Production Number of 



in Tons of 

Factories 


2,240 Pounds 

Oi}cralcd 

1930-1931 

1,075,088 

78 

1931-1932 

1,025,217 

00 

1932-1933 

1,200,050 

75 

1933-1934 

1,400,053 

8*1 

193^1-1935 

1,035,014 

75 

1935-193G 

1,052,207 

77 

193G-1937 


82 

1937-1938 

1,147,185 

87 

1938-1039 

1,485,021 

87 

1939-1 WO 

1,402,005 

St 


Beet sugar threataicd by loir tariff of 191S. Once more the specter of 
free sugar loomed under the Democratic tariff law of 1013, which pro- 
vided that all sugar should bo admitted free of duty after May 1, 1916. 
The free clause was repealed, however, just before it was to have become 
effective, and beet .sugar pro.^pered under war prices. Subsequent tariff 
acts have successively boosted ibc protection to domestic sugar and re- 
cently the quota system under reduced duties ha? protected it; otherwise, 
that in<Uistr>" would have passed out of existence in recent years bccau'^e 
of the low sugar prices brought about by excessive worlfl production of 
cane sugar. 

Firmly established (1900 to 1906). The years 1900 to 190G formed a 
is^riod of intense activity in the beet snenr industry. During those yean- 
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the Great Wester i Sugar Company and the Utah-Idaho Sugar Company, 
among others, built several nctv factories and laid the foundations of a 
widely spread and important industiy. In 190G-1907 there were C3 fac- 
tories in operation, and under the tvar stimulus the number of factories 
operated in any one season increased to a maximum of 97 in 1920-1921, 
the production that year being 969,000 tons of sugar. 

About 1,463,000 tons were produced by 84 factories in 1939-1910. 
Table III shows the ]iroduction of beet sugar in the United States in 
the last 10 years.*'* The output from 1934-1935 on was influenced to some 
extent by quota regulations. 


Our Cane Sugar Industry Today 

At the present writing there are 18 great refineries on or near the sea- 
board of the United States using the boneblack process. These are ownea 
and operated bj’’ 13 different companies. Their daily melting capacity is 
estimated to be 51,250,000 pounds of raw' sugar — an average of 2,850,0w 
pounds for each. The largest unit now operating is rated at 5,500,000 
pounds and only 3 are under 2,000,000 pounds in capacity. In addition, 
there have sprung up in recent years several refineries that use vegetable 
carbons or chemical methods of refining in place of the standard bo^ 
black process. The combined capacity of these plants is about 350, OOU 
tans. 

"War expansion. Influenced by foreign demand during and ? 
War of 1914 to 1918, several refining companies greatly increased their 
capacity, but with the recovery of beet sugar production in Europe t ® 
export demand naturally dwindled. Eurthermore, the domestic bee 
sugar crop climbed from a prewar high in 1914 of some 650,000 tons o 
nearly 1,500,000 tons in 1933, and white sugars manufactured in Cu 
and Puerto Rico began to compete in the markets of the American r® 
liners. White sugars other than American refined (including beet 
comprised in the year 1933 the important quantity of 
nearly 15 per cent of our total sugar consumption. Beginning mtn 
quota restrictions have somewhat checked the influx of offshore w 
sugars; nevertheless, under these conditions the additional 
pacity provided under "war stress has remained largel}'’ unutilized. _ 
situation naturally has led to the keenest kind of competition for 
Location of refineries. Geographically, the refineries are distri 
as follows; 

Atlantic group 11 

Gulf group 6 

Pacific group 2 


Total 18 • 1 to a 

Water-front location on a good harbor is in general 
modern refining enterprise. The raw sugar arrives in ships, and t 

^Ibid. .... of IS 

^See Table Vm, page 325, for the location and annual melting capacio 
refineries 
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loading thereof directly to the refinery dumps and storage sheds is far 
more economical than to rehandle and transport it to an inland location* 
Adequate rail facilities for shipping the refined product are also important. 

The raw product. The raw product conies principally from Cuba, 
Puerto Rico, Hawaii, and the Philippine Islands, augmented at the Gulf 
refineries by the relatively small raw sugar production of Louisiana. The 
raw product is a crude crystallized sugar, grayish brown in color, con- 
taining about 96 per cent to 98 per cent sucrose. It is manufactured from 
the juice of the sugar cane. After a crude clarification process, involving 
a coagulation and settling out of insolubles by the application of lime and 
heat, the juice is boiled under vacuum until crystallization takes place, 
and the crystals, separated in centrifugal machines, constitute the raw 
material transported to this country for refining. The importance of 
sugar to the shipping interests will be appreciated when it is borne in 
mind that over 4,500,000 tons of raw sugar are brought to the refineries 
annually, besides the 500,000 tons of white sugar that are imported for 
direct sales. Raw sugar arrives at the refinery packed in bags ranging in 
weight from 100 pounds in the case of Hawaiian and some Philippine 
sugar to the 325 pound bags of Cuba. The bags are made up into slings 
weighing a ton and hoisted from the vesseFs hold by the ship^s tackle. 
The sling is then transferred to a hoist supplied by the refinery and trans- 
ferred from the deck either to an electric truck or to a belt conveyor on 
the dock. 

Weighing and testing, Puerto Rican, Hawaiian, and Philippine 
sugars (up to 850,000 long tons per annum) are not subject to tariff duty. 
Cuban and all other foreign sugars are weighed, sampled, and tested by 
representatives of the United States Treasury Department for the purpose 
of determining the amount of duty to be paid thereon. Each bag is 
stabbed with a long pointed instrument called a “trier.*^ This has a 
groove in which a small portion of the bag’s contents lies when the trier is 
withdrawn. When the sample cans are filled, they are sealed, conveyed 
to a Government laboratory, mixed, and tested in a polariscope to deter- 
mine the sucrose content. Another weight and another sample are taken 
by representatives of the buyer and seller, for the purpose of determining 
the settlement weight and test on which the sugar is paid for. Each 
sample represents usually about 2,000 bags. After thorough mixing, 
small portions are sent to the buyer’s chemist and to the. seller’s chemist, 
and to a laboratorj’^ maintained jointly by the buyers and sellers, known 
as the New York Sugar Trade Laboratory. The two of the three tests 
which are closest together are retained, and the mean of these tests is th^ 
settlement polarization. The third test is thrown out, so that if either 
buyer’s or seller’s chemist should deliberately falsify tests, it would be of 
no avail. 

Refining process. From the dock the bags are carried by crane or 
truck to a dump, where they are opened and the sugar is emptied into a 
' crusher. A bucket elevator carries it thence to the top of the refineiy 
f “wash house,” where the refining process begins. The first step in the re- 
fining process, called “affination.” is a washing process which separates the 
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mother liquor surrounding tlic crystals of raw sugar. The sugar is first 
mingled in a long scroll conveyor ^vith washings from previously affined 
sugar. The resulting pasty nm^s called *hnagma” or ^Tillmass” is 
whirled in a centrifugal machine with a perforated basket, the contents 
of the basket being sjirayed with water. The liquid ])orlion is thro\vn 
oft and collected, wltilc tlie sugar crj’stals remain against the perforated 
lining of tlic basket. At this ])oint the sugar has^ a purity of 99 degrees. 

After the washed sugar is dropped from the centrifugal basket, it is 
melted in hot ''sweetwaier/' which simply means a dilute sugar solution 
iliat results from some washing or sugar-dust collecting process in the 
refiner}". The density of the solution is adjusted to about 60 per cent 
solids. The melted washed sugar is pumped to lank< called ^^blow-upV 
in which agitation is effected by blowing in compressed air at the bottoin. 
It is then lieatcd to 180 degrees F. The reaction of the solution, which is 
slightly acid by nature, is adjusted to the neutral point by the addition of 
milk of lime. Diatomaccous earth is then added as a filter aid, and the 
liquor is run through leaf pressure filter? such as the Swcetland or \allcz 
types. The effluent, while brilliantly clear, has a strong yellow color, as 
little other than the suspended impurities have been removed at this poinf 

The major purification is effected by percolation through granular ani- 
mal charcoal, manufactured from bones, and commonly called boncblncK 
or bone-char. Boneblnck 1ms the peculiar power of ^^adsorption^^ that is 
common to many porous substances. It removes from the sugar liquors 
and retains in itself to a marked degree both mineral salts and organic 
substances such as coloring matters. This process of purification, some- 
times called epuration, is carried on in large cylindrical cisterns knonii a? 
char filters, each of which is approximately 10 feet in diameter and 20 
feet deep, and almost completely filled vnih boneblnck. The liquor* 
run on at the top, passes through the entire column of bone-char, an 
emerges colorless. It continues to run practically colorless for several 
hours, eventually passing to a straw shade or light yellow as the cm 
^adually nears exhaustion. When a filter is completely exhausted, 
liquor is displaced by water from the top downward, the effluent of con 
stantly decreasing density being evaporated down until a point is 
where recovery by evaporation will no longer pay. The filter is then 
washed to the sewer for 10 to 12 hours, whereby nearly all of the a 
sorbeeP^ impurities are again given up. , ^ 

The char is finally dried and heated to redness in closed retort-s 
stroy the last traces of organic impurities and to restore its 
quality. Boneblack can be re-used many times in this way; its total i 
IS from 3 to 5 years. 

The char-filtered liquor is concentrated in a multiple-effect evapora^^^ 
in vacuum to about 68 per cent solids. It is then transferred to a 
pan and boiling is continued until crystals have formed and have gro 
to the size desired. Sugar liquor boiled at atmospheric pressure, or anr 
where near it, would caramelize rapidly with serious discoloration a ^ 
heavy loss of sugar, so all boiling operations are conducted under 
vacuum, with correspondingly reduced temperature. 
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The syrup, or mother liquor, is separated from the sugar crystals in 
centrifugal machines, and the retained sugar is ^vashcd with pure water, 
which leaves it snow-white and practically 100 per cent pure. The centri- 
fugal syrups arc mixed with the later, darker-colored runnings of liquor 
from the char filters and arc reboiled, producing 2 or 3 additional crops of 
sugar which can be washed up to whitencssj and also second sugars, 
which are remeltcd and char-filtcrcd following the washed raw sugar. 
The raw sugar washings referred to in our description of the affiliation 
process are press-filtered and then char-filtered two or more times, finally 
merging with the lower refined centrifugal syrups prior to crystallization. 
Soft or brown sugars arc produced from the syrup from the last crop of 
granulated sugar. 

The white granulated sugar from the centrifugal machines is dried in 
large revolving cylinders called granulators through which heated air is 
passed. It remains now only to eliminate oversized ciystals and lumps 
by passing the sugar througli vibrating screens, after which it is nm into 
storage bins and therefrom packed in barrels, bags, or cartons, as desired. 
Soft sugars arc not dried but are packed as come from the cen- 
trifugal machines, containing 3 per cent to 4 per cent moisture. Crystal 
Domino Tablets arc made by the Adant process, named for its inventor. 
In this process the purest and whitest sugar that it is possible to manu- 
facture is formed into large slabs, whicli are sawed into strips, then 
clipped to the size of the individual tablets. By this means the glisten- 
ing crystal surfaces arc preserved. Cube sugar and pressed tablets are 
made from pure white sugar crystallized in the usual manner and after- 
ward molded into the desired shapes by the aid of machineiy, a very 
intcrcstmg process from a mechanical standpoint. Mechanically in- 
teresting also arc the machines that fill cartons with a definite net weight 
of sugar, seal them, pack tliem into fiber containers, and seal the con- 
tainers. The different grades of powdered sugar are made b}’’ grinding 
granulated sugar and separating the different products in silk bolters. 

It will be seen that the refining of sugar is essentially a process of 
recrystallization, but the purification effected while the material is 
in solution is extremely important. The coloring matter present in raw 
cane sugar is of such nature that some of it becomes occluded in the 
crystals, making it impossible to form colorless crystals, however well 
washed, from an undecolorized liquor. AVith beet sugar this is not tlie 
case. AA'hitc beet sugar can be boiled from a highly colored liquor; 
hence the beet sugar factory does not need the elaborate plant for bone- 
black filtration that is so essential to a cane sugar refinery. 

Refined products. One hundred pounds of raw sugar of the standard 
96-degrec test are converted by the refining process into approximately 
93V^ pounds of white refined sugar and 4 pounds of final syrup or 
molasses. The remaining 2V$> pounds represent the impurities removed by 
the process and a fractional percentage of sugar lost in refining AA^ien 
soft or browm sugars are produced, the quantity of final syrup that results 
is diminished, as soft sugars retain a proportion of the syrup from which 
they are crystallized. AVhite sugar is crystallized or screened into many 
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different grain sizes for various uses, from the very fine fruit and berry 
sugars to crystals of one quarter inch or more in length. The most gener- 
ally used grade and that which constitutes the great volume of a refinery's 
production is “fine” or “extra fine granulated.” This is the usual house- 
hold granulated sugar, and is also widely used by manufacturing con- 
fectioners, bakers, canners, and. in fact, in most industries where a 
sweetening agent required. jSIany manufacturers prefer a coarser 
grained sugar for special purposes, however, and hence the grades known 
as “medium granulated,” “standard granulated,” and others. 

One of the pulverized grades, a coarse powdered sugar of uniform 
particle size, is the ideal table sugar for fruits, cereals, and iced beverages. 
Other powdered grades in the order of fineness are “coarse,” “standard,* 
and “confectioners’,” or "XXXX powdered,” sugar. The last named is 
an impalpable powder and is the proper sugar for cold icings. It is also 
employed extensively by manufacturers, notably in the chocolate in- 
dustry. Tablets and cubes are made in a variety of shapes and sizes for 
sweetening tea, coffee, and other hot beverages. Soft or brown sugars, 
marketed by most refiners in 10 or 12 grades according to color, are suit- 
able for use in glace icings, dark-colored bakery products, baked beans, 
and mincemeat. 

The final syrup of a refinery from which no more sugar can be extracted 
may be turned out either as blackstrap molasses, which finds use in the 
manufacture of cattle feeds and in the distilling industry, or as filtered 
refiners’ syrup. The latter is sold for mixing with commercial glucose or 
with sugar syrups to make table syrup. 

Inspection. Every modem refinery maintains an elaborate system of 
inspection and laboratory^ control in order to insure the quality of its 
products, to obtain the maximum extraction of sugar with minimum syrup 
or molasses production, and to minimize chemical destniction ana 
mechanical loss of sugar in the refining process. Also, every’ po=*i ® 
precaution is taken to prevent contamination of the finished product 
with foreign material of any kind. By means of automatic machine^ 
the sugar is packed in sealed cartons or bags and sent into the housebom 
without being touched by human hand. 

Marketing. Refined sugar is sold bj’ refiners for domestic .1 * 
basis price for fine granulated in 100-pound bags, plus or minus a diner- 
ential for most other grades and styles of packing. A discount of 2 FJ 
cent for cash in 7 to 10 day-s is customarv. In general the sma a 
packages and barrels are higher in price than bulk bags, while tablets an 
other fancy grades command still higher differentials because of tn" 
greater cost of manufacture. Soft sugars, since they contain less suc^'^ 
than granulated, when packed in bulk carry’ minus differentials. ^ 
price decreases from grade to grade as the color darkens. 

“Number 5 soft,” light yellow and testing, say, 90 degrees is quoted at ^ 
cents per 100 pounds under basis price, whereas a “Number 13 
dark brown and testing 82 degrees, carries a differential of 65 cents p ■ 
100 pounds, the decrement being 5 cents per grade. 

Selling for export. Sugar for export is generally sold for the dome-’ • 
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price lc?s th,e rcrovcral)Ie tnrilT dnnvhnrk, vs inch at present, runounl?^ to 
about $1.95 per 100 pouiul*^ inaxiinurn. I'onncrly, in Older to recover 
drawback, the refined Mignr exi^orled had to be identified as having been 
nctually produced from duty-paid raw materia!. The tariff law of 1930, 
however, jicrmitJ^ the payment of drawback on export ation*^* of refined 
sugar, whetlicr or not produced from duty-paid raw sugar, provided that 
the lefiuer designates an etjuivalent amount of duty-paid raw .Mig.ir of 
like kind and quality, itnportctl by him not later than the dale of ])ro- 
duclion of tlic refined .‘-ugar exported and melted witliin a year of its date 
of receipt. Tins provision of tlic law is known as the )wivi!ege of .sub- 
stitution. 

Competition. Competition in the indushy js free and open. The 
effort.'^ of the lefiners to keep their lug plants running on a paying volume 
basis in the faro of u larg(' oxec^'"' <\a]>acity in the country make competi- 
tion exceptionally keen. 

Financial structure. h the case wiih other American industries 
that consi^^t of large production units, the sugar tofining plants? have been 
built or acqtiir(*d from previous owners by corporaUon> iliat now own 
and operate them. Corporate invest nicnl«. including bonds, vary from 
about $3,000,000 in companies having a single small refinery to more 
than $100,0()0,0fK) in tlic American Sugar Fofining Company, with its 
five refinerie>, cooperage plants, steamships, Cuban ]>ropcrties, and other 
investments Resides the investment in plant and equipment, the work- 
ing capital required for a sugar refining enterprise is necessarily huge. 
Alueh money is tied up at times in raw and refined su^ar inventories and 
miscellaneous manufacturing and packing .«u]iplios. 

Labor. Much of the labor employed in the refining process is of the 
unskilled ty]J0, with an admixture of semi^kitlcfl men in the '"station" or 
voy jobs and a few highly trained hands, such ns the sugar boiler.',. In 
he maintenance or mechanical department arc found skilled mechanics 
Yom a number of trades: electricians, pipefitters, boilcrmaker.s^ tinsmiths, 
anwnters. masons, machinists, and others. Women are omjdoyed only 
n packing operations. 

Tlic refineries employ about 18,000 men and women, who.se wages and 
alarics total over $25,000,000 annimlly. The minimum wage for com- 
mon labor is 65 cents or more i^er hour in refineries producing about 70 
cr cent of all domesticnily refined canc sugar. Most of the refineries 
re unionized. 

Organization of refineries. The org.anization of refineries varies 
unewdint according to individual ideas, bub in general there is a superin- 
*ndcnt or manager wdio directs the manifold activities of the cntiic 
ant. His first lieutenants, to cite a typical ease, arc the first assistant 
' ipcrintcndcnt, vvho directly supervises the refining luocess, and the 
ant engineer, whose jurisdiction covers maintenance of plant, improve- 
ents to buildings and equipment, the generation and transmission of 
* ^am and power, and the purchase of machinery and supplies. Depart- 
' 3 nts not immediately identified with cither process or engineering may 
. supervised by heads who report directly to the refinery superintendent. 
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Such are the dock (receiving and handling of raw sugar), the labora- 
tory (chemical control) , and the packing and delivery (of refined prod- 
ucts) departments. 

Since the process of refining is a continuous one, there must he two 
night superintendents to cover the period from, say, 5 p,m. to 8 am. A 
skeleton mechanical force is carried at night for oiling and to meet 



Fig. 1. A tj'pical refineiy organization. 


emergencies. In so far as possible, all repairs are made in daytime) an 
an effort is made to leave all equipment at the close of the day in suca 
condition as to require minimum attention during the night. Sufficien 
raw sugar to last through the night is dumped during the day into large 
bins, whence it can" be withdrawn without labor. Refined sugar inana 
factured at night is likewise stored in bins to be packed the follo^®? 
day. In Figure 1 is shown a supervisory organization such as that 
outlined. . 

Import duties. The present duty on 96-degree raw sugar 
from Cuba, as fixed by a reciprocal trade treaty, is .90 cents 
All other foreign sugar pays 1.875 cents per pound. It is pro^dded ’ 
ever, that, if the existing marketing quota shall be suspended, the a 
on Cuban sugar shall revert to 1,50 cents per pound, which was t e 
in efiect when the Cuban treaty was negotiated in 1934:. lu fact, the • 
cent duty was again in effect for more than 3 months at the close o 
because of a temporary suspension of quotas. , 

Duty differentials apply to sugars testing above or below 96 
but there is no additional duty on refined sugar; in fact, the dut} on 
pounds of refined sugar is slightly less than the duty on the 
96-degree raw sugar (107 pounds) required to produce 100 
fined. Several earlier tariff acts provided for the assessment of 
duty on sugar lighter than a certain color standard known as 
16 Dutch Standard,” but this provision was omitted in the tan 
1913 and has not since been restored. The failure to protect 
encouraged the production in Cuba and importation into the United - 
of direct-consumption white sugars, which, finding a fr? 

prices slightly lower than American refined, have encroached 
latter in ever-increasing quantities from the beginning of 
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Cuba, in 1925, until production was finally restricted somewhat by the 
quota system in 1934. 

Refiner’s margin of profit. The difference between the basic price of 
refined sugar, less cash discount and excise tax, and the duty-paid price 
of 96-degrce raw is termed the refiner's margin. This margin, which, for 
the, great bulk of refiners' sales, is less than 1 cent per pound, must cover 
the cost of refining, including depreciation and overhead and the expenses 
of sales and administration, before a profit can be realized. Further- 
more, since only about 93^/^ pounds of refined sugar are obtainable from 
100 pounds of 96-degree raw sugar, the shrinkage amounts to 6% per cent 
of the value of the raw. With raw sugars selling at 3.00 cents, duty- 
paid, for instance, the value of ‘this shrinkage would be 0.195 cents per 
pound, which would be offset only in small part by the value of the 
molasses obtained as a by-product. 

The average margin, based on the daily quotations for raw and refined 
sugar during the 5-year period ending with the year 1939, was 1.06 cents 
per pound. This is an ^‘apparent margin,” however, and docs not repre- 
sent the real, working margin of the refiner. The reason for this is 
that, while the daily quotations of the raw sugar market over a long 
period of time may fairly represent the average price paid by refiners 
for their raw sugars during such a period, since purchases are generally 
made at frequent and rather regular intervals, the same is not the case 
with the selling of refined sugar. Probably 85 to 90 per cent of the 
volume of refiners' sales are made on a few “market moves” during the 
year. Usually on the basis of a strong tone in the raw sugar market, 
one of the refining companies will announce an advance in price to take 
effect a day or two later. Most or all of the other refiners, having to pay 
more for their raw sugars, will follow with similar announcements, and 
the trade will then rush in to purchase, say, 30 days' supply of refined 
sugar before the advance takes effect. After such an advance, a period 
'of several weeks may elapse during which daily quotations of refined 
sugar range higher than the “move” price, but with new sales insignificant 
^ in volume. The United States Cane Sugar Refiners Association has 
'estimated that the actual margin has averaged only 0.84 cents per 
nound over the last 6 years. 

Sugar-control legislation. In 1934, through the enactment of the 
hnes-Costigan amendment to the Agricultural Adjustment Act, sugar 
)ecarae a basic agricultural commodity within the meaning of the act. 
Vlarketing quotas were established for all domestic and territorial areas 
)roducing cane or beet sugar, as well as for foreign countries. A proces- 
;ing tax of % cent per pound, raw value (0.535 cents per pound, refined 
^alue) was levied for the benefit of the growers as compensation for 
‘educing their crops. The processing tax and benefit payments to 
growers were nullified by the United States Supreme Court decision 
jarly in 1936, but the quota system remained in effect. In 1937 a new 
ugar bill was enacted which continued the quota system and established 
in excise tax at tine same rate as the former processing tax but payable 
ato general Treasury funds. The 1937 act provides, however, for the 
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payment by the Government of sums to growers for the purpose of "soil 
conserv^ation.’’ The general result is therefore the same as that achieved 
by the earlier processing tax. 

Under the Sugar Act of 1937, the Secretary of Agriculture determiDCs 
in December of each year the consumption requirements of the con- 
tinental United States for the ensuing year and fixes the total sugar quota 
accordingly. In making such a determination, the Secretary is requirai 
to use as a basis the quantity of direct-consumption sugar distributed lo* 
consumption, as indicated by official statistics of the Department of Agri- 
culture, during the 12-month period ending October 31 next preceding, 
making allowances for a deficiencv^ or surplus in inventories of sugar ann 
changes in consumption, as computed from statistics published by Gov- 
ernment agencies. The total quota, which, it is provnded, shall be not 
less than the quantity of sugar required to give consumers in the con- 
tinental United States a per capita consumption equal to that of 193o- 
1936 (changed by the Ellender Bill to 1937-1938), may be revised froa 
lime to time during the year, based upon a redetermination of consump' 
lion requirements or in order to prevent excessive prices to consumers ss 
a result of regulation under the act, or, in case of a national emergency, 
quotas may be suspended altogether. The total quota is divided between 
domestic and foreign producing areas, allotting 55.59 per cent 
to the domestic areas (domestic beet, mainland cane, Hawaii, 

Rico, and the Virgin Islands), and 44.41 per cent to the foreign 
including the Philippine Islands, provided that the domestic quota 
be not less than 3,715,000 short tons, raw value, and that in no t - 
quota for the Philippines shall be less than the duty-free quota estat- 
lished under the Philippine Independence Act, namely, 850,000 long ton- 
If, however, the total sugar quota should be less than 6,682,670 short 
then the foreign quota, instead of being 44.41 per cent thereof, vromd 
the quantity by which the total quota exceeds 3,715,000 short ton;, 
domestic and foreign quotas are allotted as follows: 

Tabtjc A" 


DOMESTIC AND FOREIGN SUGAR QUOTAS 


DcrmcMic Quota 
{o5,59 Per Cent of Total) 

Foreign arvi Philip'pii'f Qur^-^ 
(4441 Per Cent of ^ 

Arr-a 

Percentage 

DojneMic 

Quota 

Percentage 

Total 

Quota 

Area 

Percentage 

of 

Foreign 

Quota 

pfTcrP'f 

?/ 

faPJ 

Domestic lK*rt 

Fupnr . 

Mfdnland canc 

sugar 

Hawaii ^ 

Puerto Hico 
Mrgin Inland*?. . 

Total, . . 

n.72% 

11^1 

25:25 

21 .48 
.21 

23.19% 

0.29 

U.Oi 

11.91 

.13 

Philippine 

L 

1541"' 

i " 

' — 

Cuba 

Other foreign.. 

Total 

100.00% 

55.50% 

lOfl-OOTf ; 
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Provision is made for revisions of domestic and foreign quotas in the 
event that any area is unable to market its allotment. ^ 

One of the effects of sugar-control legislation is that the expansion of 
production in Puerto Rico, Hawaii, and the Philippines, which had been 
rapid over a period of years under a high protective tariff and at the 
expense of Cuba, has been checked; and all of these producing areas, as 
well as Cuba and tlic United States beet- and cane-sugar producing areas, 
arc permitted to market only their allotted shares of the total sugar con- 
sumed annually in the United States. Another effect is that, since the 
quotas arc fixed by the Secretary of Agriculture and may be increased or 
decreased by him from time to time or suspended altogether under cer- 
tain circumstances, as was done to stem a consumers’ panic that followed 
the outbreak of the war in Europe in September, 1939, the Secretary of 
Agriculture may exercise a very positive control over the price of sugar 
in the United States. Sharp changes in price have, in fact, immediately 
followed several announcements and proclamations by the Secretary con- 
cerning consumption estimates and quotas. 

The refiners have received but modest aid from the quota system. 
Their pressing problem was tropical or “offshore” refined sugar. In the 
absence of tariff protection for refined sugar, the imports of Cuban re- 
fined had reached nearly 500,000 tons annually, and our own insular ter- 
ritories were also sending considerable quantities of refined sugar to the 
mainland. The Jones-Costigan Act scaled down Cuba’s refined exports 
to the United States slightly but allowed as much as ever to come in 
from Puerto Rico, Hawaii, and the Philippines. Under the Sugar Act of 
1937, the quantity of refined sugar allowed to enter this country annually 
from Cuba was reduced to 350,467 short tons refined value, as compared 
with 432,311 short tons refined value in* 1936, while Puerto Rico and 
Hawaii were permitted to send in as much sugar as their former quotas. 
,By the terms of the 1937 act, the quota plan in general and its limitations 
on Cuban refined sugar were to continue until December 31, 1940, but its 
restrictions on Puerto Rico and Hawaiian refined sugar ended on Feb- 
ruary 29, 1940. The Cummings Act, however, signed by President Roose- 
velt on October 16, 1940, continues the sugar quotas through the year 
.1941, with restoration of the limitations on Puerto Rican and Hawaiian 
/efined sugars. 

/ Economic position of refiners.^ It would appear that the cane-sugar 
* 'cfining industry of the United States is in a precarious position and 
'^^hat it may even find itself in danger of extinction unless protection by 
government action from offshore refiners who emplo 3 ’’ low-cost, tropical 
|/abor shall be continued. 

There is ample reason for maintaining the mainland refining industry, 
/vlot only does this more than 2-century-old industry supply jobs to 

\ ''This subject is fully and most adequately treated in an article entitled ''Does 
/,he United States Want to Keep Its Cane Sugar Refining Industrj^?^^ by H. 

' «oach Carpenter. General Counsel of The American Sugar Refining Company, 

V the Wharton Review oj Finance and Commerce (Umversity of Pennsjdvania) 
ir October, 1938 
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«5omo 18,0D0 directly nnd to mnoy more in nllicd inrl\istrir« in- 

directly^ hut the jcfinoric^ of today me modern tmd cflicicnl Tluy r.rc 
adequate to ^uj^ply the country V requircjucnt^ in any ein^'rgcnfv, ibey 
have evci bcon^ whereas tropical refined Hmtw cannot he fo relied upon 
Our refineric.^, located along tlic Fcnhoard, can dnnv their lav,' -ugar^jp- 
pHe^, quotas permitting, from avuilnhlc source ^ ihunighout the ^\orld 
If, however, the local cane croji on which each tropica! refining crea 
depends 'should for any reu^-nn fail, iiiat area migid be unable to FuppH 
Migar urgently needed here. In time of war moreover^ it might be dif- 
ficult. if not impo'^siblc, to a*^snvo pnfe ]in‘'‘*age of Migar from 
fining arca« in cillier the Atlantic or the Pacific, but copious bupplfeoi 
raw Migar could h(^ obtained from world Fourcc^ and brought htrcvadK' 
both our cast and west coasts ucrc sviccc-sfuUy blo(kadt‘d. It is Fignb- 
cant that every other important muntry piolcets it^ lioinc cnnc-^ncir 
refining industry and tlml oven those who have trojiical pos-c^dnn'^ pre- 
during cane ?ugur, like Great Britain, Holland. Portugal, and Japan, d? 
not permit Mich pos^esMonb to .strangle their liomcland rcfincric'*. 

The United States Cane Sugar Refiners^ Association. Thi'^ as-oci^ 
tion, of which mo'it of the 13 Fugar refining companies previoti'^Iy 
tinned are members, mainiain^H officer in Xow York and 
D. C. It«; chief purpose \< to inform the public of the Cb=cntifll oimnicU 
of the oanc-«iiigar refining indu«tr>’ in the national economy and of 
problem^ %vith wliieli the industry is faced. In thi*- activity the 
organirations of the industry render important a'^^i^tance. Chamber? o 
commerce and local government^ of cities in uhich refincrio- arc lorfltc<f 
arc also being very helpful. 

Through its Y a'^hington office the a^^'^ociation follows 010 *^ 01 }* all 
lativc and ndmini'^trativc dcvclo])!!!^!*? connected with Govenunont coS' 
trol of sugar, and furnisher pertinent information to interc^ed mcinbci^' 
of the Icgi^^lativo and executive branches of the Government 

New refining processes. In recent years a number of small 
have been erected in the United States which make use of 
carbon Or, more recently, of chemical agent*^ instead of boncblac 
decolorizing purpohcs. Other steps in the jirocc^^ aic the same a- 
boncblack refinery, but the carbon and chemical refineries gcncra!I}J^^ 
ducc only fine granulated sugar, making none of the special 
grained sugars, tablet sugars, or soft sugars. The first cost \ 

refinep'' is materially less than that of a boncblack refinery of ^ 
capacity, but studies have indicated that its operating cost may 
high or higher than that of a boncblack refinerj* wdicn producing 
granulated. The carbon and chemical process sugars, how’cver, u a 
sell lower than the standard refiners^ basis price. . -Irt' 

Much, though not all, of the refined sugar that comes into this co 
from Cuba, Puerto Rico, and Hawaii is made by the carbon and clicm 
processes. Another grade of direct consumption sugar that 
from the island areas is known as '‘turbinados.’’ The name 
meant simply sugar that was spun in a centrifugal machine, 
to the terra “centrifugals” today, but it now applies only to sugar 
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usually from well-clarified juice, washed in the centrifugal machines, and 
dried. 

Sugar syrup. Another rather recent development is refined sugar in 
liquid form, generally known as ^^sugar syrup/' This syrup is made in 
the refinery by evaporating the decolorized liquor from the char filters 
to about 67 per cent solid content, which is as dense as a sugar solution 
can be made without having crystals form on cooling; or by dissolving 
to the same density off-color sugar, which would have to be reprocessed 
anyway, and decolorizing the solution. Sometimes a portion of the 
sugar is inverted by heat with a trace of an acid (subsequently neu- 
tralized) , in which case the syrup can be concentrated to a higher density 
without crystallization. Sugar syrups are widely used in the New York 
area by ice-cream manufacturers, bottlers of carbonated beverages, 
preservers, manufacturing confectioners, and others, and are gradually 
spreading to other areas where refineries are located. The food or 
beverage manufacturer using syrup effects a saving, because the refiner, 
eliminating the bag or barrel and the cost of several steps in the refining 
operation, can price it lower than dry sugar. The manufacturer also 
saves handling charges on sugar, the syrup being unloaded from a tank 
truck into his storage tank by pumping and then pumped to any part of 
the plant. It may be necessary, as in the case of candy making, to 
evaporate an additional quantity of water when using syrup in place of 
sugar, but the additional cost attendant thereon is small in relation to 
the gross saving that results from the use of syrup. Preservers who 
can use the heavier partially inverted syrup can so reduce the quantity 
-of water to be evaporated in their process. 

For about 2 years after the sugar-quota system was established there 
was no quota on sugar syrup, and importations thereof from Cuba in- 
•^creased very rapidly, reaching over 14,000,000 gallons in 1936. Since 
nonquota sugar or syrup produced in Cuba has always sold at a much 
lower price than the United States quota product, the importation of 
syiTip here was a most attractive proposition. The Government finally 
recognized that syrup was being substituted directly for sugar in this 
country and established a syrup quota of about 8,000,000 gallons an- 
nually for Cuban syrup, bringing this material approximately within the 
orice range of sugar. San Domingo, which had also been sending syrup 
here, has a yearly quota of about 800,000 gallons. 

^ Sugar as a food. It is universally recognized that carbohydrates form 
an essential element of the human diet and that the one of lowest cost 
and most quickly assimilable is sugar. 

^ Dextrose (refined corn sugar), another carbohydrate of the sugar 
'^amily that has been offered as a substitute for sugar in recent years, is 
jommonly rated as two thirds as sweet as sugar for the variety contain- 
ng water of crj^stallization to three fourths as sweet for the anhydrous 
'Variety. The calorific or energy value of the former is 12 to 13 per cent 
ess, and that of the anhydrous variety 5 per cent less than the energy 
^^^alue of sugar. Dextrose is also less soluble in water than is sugar, 
"^he ready solubility and pleasant sweet taste of sugar render it 
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adaptable to many food manufacturing purposes, such as the sweetening 
of beverages and the manufacture of confectionery. In the latter the 
ability of sugar to assume an amorphous form (hard candy) and to form 
in exceedingly minute crystals (fondant), as well as its sweetness and 
solubility, determines its value. In fruit preser^^es sugar constitutes the . 
preserving as well as the sweetening agent; in bread it is fermented b) 
the yeast in the leavening process ; and it is also the sweetening agent of 
sweet doughs for cakes Much sugar is used in ice cream, pastries, jell} 
powders, and a great variety of other food products. 

The household uses of sugar as a food are too familiar to require 
enumeration. It may not be amiss, however, to call attention to le 
grades of sugar most suitable for specific purposes. Granulated sugsr 
should be used for general sweetening purposes in the kitchen; lig * 
brown sugar for sugar cookies, coffee cake, doughnuts, sauces, and fu 
and the old-fashioned dark-brown sugar for gingerbread, baked nam* 
baked beans, baked apples, candied sweet potatoes, inincemea , an 
other comestibles. At the dining table, cube or tablet sugar foi 
ing hot beverages, a coarse powdered sugar for fruits, cereals, an ic 
beverages, and light-brown sugar for pancakes and wmffles are the prop 
sugars. The yellow and brown sugars offered by refiners in 
packages, as well as in larger units to manufacturers, are refinec sUo ^ 
from which the molasses of the refining process has been 
separated. They contain mineral substances, wdiich recommend lo 
persons seeking to increase the mineral content of their diet. 

' Raw sugar should not be eaten, as it is not generally 
direct human consumption and may contain sand, dirt, ana 
bacteria, all of which the refining process removes. Again, rav 
may be handled and packed without the care and sanitaiy pro ^ 
given the products of our refineries. This same may be {jr 

offshore refined sugar, packed, as it generally is, in 100-pound 
native labor. The cleanest and safest supplies of sugar bo 
by purchasing it in packages that bear the trade-mark brand oi a 
States refiner. 


Our Beet Sugar Industry of Today 

Sugar-beet culture. The sugar beet (beta vulgaris), a 
of the vegetable, averages in this country about 16 per cent 
content. The roots weigh from 1 to 2 pounds, and the foliage 
a height of about 14 inches above the ground. The 
acre in this country is about 10 tons of beets, furnishing 1 /j 
sugar. Warm, bright days and cool nights and about 16 inches 
fall, or irrigation, are required to attain a good sugar 
plowring and laborious cultivation of the growing plants are ^ni 

seed is planted in the spring, and the beets arc harvested 
early wrinter. The manufacturing campaign lasts about 100 
factories are idle during the remainder of the year. 

Investment, volume, and distribution. The investment m 
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ican beet sugar inclustiy is said to exceed $220,000,000. There are 100 
factories located in 17 states, with a combined daity slicing capacity of 
about 128,000 tons of beets. The Rocky I^Iountain area takes the lead 
in production, although California produces more than any other single 
state, hlichigan and Nebraska also stand in important positions on the 
list of states. In the campaign of 1939-1940, 8G factories were in oper- 
ation. These factories made more than 1,600,000 short tons of sugar. 
The following table shows the geographical distribution of beet sugar 
factories operated, the acreage harvested, the amount of beets sliced, and 
the amount of beet sugar produced in 1939-1940. 


TABtt: V 

UNITED STATES BEET SUGAR PRODUCTION IN 1939-1940® 


Slate 

Xumher of 
F aciorics 
Operated 

Xwnher of 
Factories 
Closed 

Acreage 

Harvested 

Brels Sliced 
(in short loTis) 

Beet Sugar 
Produced 
(in short tons) 

Ohio . . . 

4 

1 

47,000 

363,000 

mmiR \ ffiQiiiii 

jMichig;nn 

13 

3 

120,000 

1,033,000 


Nebraska 

7 

— 

09,000 

790,000 


Montana 

5 

— 

74,000 

891,000 


Idalio j 

S 

— 

73,000 



Wyoming . . 

5 

— 

49,000 

539,000 

1 

Colorado . . 

17 

2 

145,000 



Utah 


4 

53,000 


100,000 

California 


1 

166,000 


451,000 

Other states 

mm 

3 

121,000 


■HI 

Total 

SG 

U 

917,000 

10,773,000 

1,641,000 


Process of manufacture. Beets are delivered by the grower to the 
factory's beet sheds in wagons or motor trucks, or in freight cars. The 
load is weighed and the beets arc dumped down an incline. They pass 
over a screen which returns the loose dirt, small stones, and such to the 
veliicle, which is then weighed again. The difference represents the 
gross weight of the beets delivered. The beets are then sampled, and the 
sample beets are weighed, topped, and carefully brushed to remove adher- 
ing dirt. The cleaned sample is again weighed to determine the per- 
centage tare, which is applied to the gross weight of the beets delivered 
in order to obtain the net weight. The sample is then sent to the 
laboratory for determination of its sugar content, as beets are generally 
paid for on a basis of net weight, with possible premiums for high sugar 
content and for prevailing prices of granulated sugar exceeding a stated 
amount. 

‘ After passing through trash and stone catchers and a washer, the 
beets are freed from poor specimens and any foreign material which may 
.'Still be present by hand picking on a conveyor. They are then weighed 
on automatic scales, and this weight is used in the calculation of factory 


? ®From Willett and Gray, Facts About Sugar, and other sources. 
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yield. In the slicer the beets are reduced to long thin slivers, called 
“cosettes.” The cosettes are dropped into large tanks known as “dif- 
fusion cells/* w^hich are grouped in either circular or straighWine forma- 
tion. Diffusion batteries range, in general, from 9 to 14 cells. Hot 
water is percolated through the cosettes to extract the sugar and flows 
from cell to cell of the battery in regular order, so that, as each cell is 
filled with cosettes, it gets winter that has already passed in series throiigli 
the preceding, filled cells and is therefore rich in sugar, while the fresh 
water is fed to the cell which contains the most nearly exhausted cosettes 


and is therefore next to be taken off and emptied. 

The solution running alw’ays from the last filled cell to the factor) 
is called “diffusion juice” and contains about 14 per cent solids. After 
being measured, it passes through a heater to a tall tank, where it i:? 
treated with lime and carbon dioxide gas, forming a precipitate of hm^ 
carbonate. This operation is called “first carbonation.*' If the carhona- 
tion is carried too far, however, some of the precipitate will rcdissohe, 
so the latter is removed by filtration at the right point before compk ^ 
saturation and the clear juice is separately subjected to a “second car- 
bonation.** The precipitate from the second carbonation is ^ 

tered off, and the juice is thereafter bleached wdth sulphur dioxide gas in 
a process known as “sulphitation,** Again a precipitate is formed an 

... multiple- 


removed by filtration. The next step is concentration in a 


effect evaporator to about 60 per cent solids. , i 

The thick juice is then sulphered, and the precipitate formed is 
off. The juice, after its four chemical treatments, consisting of 
carbonations and two sulphitations as described, is freed from cons| 
able of its impurities and is now ready for crystallization. The 
amounts of lime required are obtained by burning limestone mixed ivi 
coke; this operation supplies also the carbon dioxide needed for 
tion. Sulphur dioxide is generated by burning crude or roll sup * 
or is purchased from chemical manufacturers. « 

Crystallization takes place in vacuum pans, as in a cane sugar re nc | 
the boiling process is practically identical with refining practice, exc 
that only one crop of white crystals is obtained. Also substantia 
same as in cane sugar work are the centrifugal separation and 
the sugar, and the w’orking dowm of the afterproducts with blac 
molasses left as the residual product of sugar extraction. Bemel .f 
generally called “raw’s” in a beet house, are returned to the tluc ’ J 
either before or after sulphitation. 

Comparison of beet with cane products. Granulated beet s 
when properly manufactured, is not noticeably distinguishamc 
granulated cane sugar. Beet sugar molasses is not edible 
unpleasant odor and flavor and a high mineral content.^ V^h^n 
with dried exhausted beet pulp from the diffusion batteries, 
makes an excellent feed for cattle. The beet tops, too, are used lO ^ 
der. Beet molasses is also of value for the production of ^ 
contains about 50 per cent of sugar not recoverable by crj'sta J “ 
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Utilization of beet sugar molasses. Many beet sugar factories, in- 
stead of selling their molasses, extract a considerable quantity of the 
sugar contained therein by means of the so-called ^'Steffen process.’* 
This process involves the fonnation of an insoluble lime sugar compound 
in a dilute, refrigerated solution of the molasses. The “saccharate,” as 
this compound is called, is separated by press filtration and added to the 
diffusion juice in lieu of milk of lime. In contact ^’ith the hot juice, 
the saccharate is decomposed. Its sugar component passes into solution, 
while the lime set free forms the neccssar>^ supply for the carbonation 
process. When the Steffen j^rocess is used, the molasses turned out by 
the factoiy gradually becomes contaminated by certain impurities re- 
turned to the process with the saccharate, and periodically a quantity 
of molasses has to be discarded. 

This discard or by-product molasses is generally sold, but The Great 
Western Sugar Company in 1925 installed a process for the recovery of 
sugar from the discard molasses of its 21 factories located in Colorado, 
Nebraska, Wyoming, and Montana. This, the ne pins riUra in sugar 
recovery, is tlie ''barium process.” Barium hydrate, a substance closely 
related chemically to lime, forms a saccharate of higher purity and 
lesser solubility than lime saccharate. The barium process is housed in 
a separate factoiy, centrally located at Johnstown, Colorado. The 
mineral withcrite, which is barium carbonate, is there converted into 
barium hydrate. This is added to a dilute solution of molasses. The 
saccharate thus formed is separated by filtration, suspended in water, 
and decomposed by saturating with carbon dioxide gas. The combined 
sugar is thus liberated, passing into solution in a fairly pure form, while 
insoluble barium carbonate is precipitated and filtered off. The sugar 
solution is further purified by chemical treatment and by boneblack 
filtration, after which it is evaporated and crystallized in the usual man- 
ner. The barium, a valuable substance, is recovered from the carbonate 
cake for re-use in the form of barium hydrate. This is accomplished 
by subjecting the filter cake to a high temperature in a rotar}’’ kiln, 
admixed with some barium silicate to prevent fusion. The resulting 
clinker is leached out with water in a wet grinding process, followed by 
sedimentation. Barium hydrate is formed, passes into solution, and is 
purified by crystallization. When again dissolved in water, it is ready 
for use. The barium recovery feature is thus a complicated and ex- 
pensive adjunct to the process and is further made difficult b}^ the fact 
that the kiln clinker has a cementlike nature. The sludges formed there- 
from must be handled with great dispatch to prevent their hardening. 

That the Johnstown plant has surmounted such difficulties in recovery 
as have sealed the fate of some barium plants in other countries is 
evidenced by the fact that it has been kept in operation for some 15 
years, working up throughout the year molasses that has been accumu- 
lated during the sugar factories’ short campaign. The sugar manufac- 
tured must be and is entirely free from barium compounds, which are 
poisonous to the human system. 
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Domestic and Insular Cane Sugar 

Increased in island territories and the quota system* The produc- 
tion of raw cane sugar in Hawaii, Puerto Rico, and the Philippine fe- 
lands greatly increased between the close of the War of 1914 to 1918 and 
the adoption of the quota system by our Government in 1934, especially 
in the two last-namec possessions. This was due in large measure to 
the development of superior strains of sugar cane and to the stimulus of 
substantial and successively increased sugar tariffs, and resulted in the 
exclusion of a corresponding quantity of duty-paying Cuban sugar iroia 
United States markets. With Cuba, the world’s second largest sugar 
producer, desperately competing for as great a share as possible of our 
purchases, the price of sugar naturally fell to low levels, so that even 
with the then existing tariff protection of 2 cents per pound the su^r 
mdustries of Hawaii and Puerto Rico, having higher manufactunng 
costs than Cuba, were scarcely functioning on an economic basis, la® 
same was true of our continental beet* and cane-sugar producing indus- 
tries, and the Philippines too were affected In Cuba distress 
most acute. Selling in the face of the 2-cent protective duty, 
Cubans were forced at one time to accept little unore than % 
pound, including cost of production and freight to New York, for 
raw sugar. ^ 

This substantially was the sugar situation when, in 1934, the quo 
system was adopted. Marketing quotas within the United States we 
established approximately on an historical basis; that is, the prociuc i 
of each area in the years immediately preceding was considered m » 
its quota. In some cases, as explained previously, total sugar 
have been made to include a certain quantity of sugar in the 
form. The quotas have tended to increase sugar prices over wiia 
i*an for some time previous to the inauguration of the quota 
there has been much complaint over its management. It is c a 
that one of the main purposes of the system — ^namely, as expressea 
Sugar Act of 1937, “to protect the welfare ... of those engage 
domestic sugar-producing industry” — has still not been given due 
At any rate, it is apparent that under the quota system the 
producing industries of continental United States and of Cuba ^ 
been maintained in a flourishing condition, to say the least. 
mentioned here because probably two thirds to three fourths of 

industry, which represents an investment of some $1,250,000,00 , 
United States ovmership and because it was manifestly inten c 
Cuba should benefit from the quota system. 

The tabulation on the following page shows the sources of ou 
sumption of cane sugar for the years 1935 to 1939. 

Sugar-cane culture. The planting and harvesting of sugfl 
varies as to season in different parts of the world. philiP" 

the grinding season is from December to June; in Hawaii and t ® 
pines, from November to July; in Louisiana, from October in 

ilethods of cultivation and manufacture are. on the whole, 
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Tabli: VI 

CONSUMPTION OP CANE SUGAU IN THE UNITED STATES, 
CLASSIFIED AS TO ORIGIN^ 

(Refined and/or Consumption Value) 

(In Tons of 2,240 Pounds) 


State 

1939 

193S 

1937 

1939 

1935 

Louisiana and Florida . . 

517,981 

459,382 

414,212 

373,099 

258,593 

Hawaii 

743,420 

741,990 

810,303 

770,299 

820,137 

Puerto Rico 

788,175 

719,732 

763,500 

730,154 

082,048 

Philippine Islands 

793,558 

806,014 

813,303 

775,215 

749,101 

Virgin Islands 

4,722 

3,278 

i 0,045 

3,122 

2,055 

Cuba .... 


1,677,535 

1,821,4 5 

1,042,990 

1,039,450 

Total 

4,250,748 

4,407,937 

4 035,378 

4,291,879 

4,157,444 


various regions, and the following description of operations in Cuba will 
furnish a general idea of the methods commonly used. 

The first step in the work of developing u cane plantation is clearing 
off the timber. Much of this wood, mahogany and cedar, is very valu- 
able, and care must be taken in the foresting to see that its lumber value 
is preserved. 

After lumbering operations arc completed, the brush and creepers are 
cleared by burning. The burning does not entirely clear the land, how- 
ever, and the partially burnt stumps and logs are left to disintegrate 
under the warmth and moisture of a few wet seasons. And yet it is not 
necessary to wait for this in order to make the first planting, for after 
the :ane cuttings have been planted, their growth is so dense and rapid 
as to kill effectually any further development of underbrush. 

Cane fields used for commercial production are planted with cuttings, 
each about a foot long and containing two or three seed buds. The 
planting, owing to the rough character of the soil, is naturally very 
primitive. A man drops the cuttings every 3 or 4 feet. Another man 
follows him and, making" a hole with a pickax, thrusts the sugar cane 
cutting into this hole, tamping the earth above it with his feet. So 
luxuriant is the growth of the vegetation in tropical climates that this 
method is sufficient to produce a plant with several shoots, which soon 
form a clump, or stool, of cane. One planting on virgin soil such as 
this is sufficient to produce crops for 10 to 15 years. New plants termed 
“ratoons*^ spring up from the stubble after each harvesting. 

The numerous stems sent up are very similar in appearance to our 
Indian maize and often attain a height of from 15 to 18 feet. The steins 
are thick and unbranched. The leaves, 3 feet or more in length, are 
broad and fiat. The plant matures with the approach of the dry season. 
When the cane is harvested, the stalks are cut by liand. 

Harvesting and transportation. Although those interested in planta- 
tion operations have sought to produce a machine that will cut cane as 

’Willett and Gray, Facts About Sugar. 
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our mechanical mowers cut grass and although many such machines have 
been produced, so far none has come into general use. An expert work- 
man in the field can, with his heavy machete or knife, cut and load 6 
tons of cane a day. In cutting, the leaves are stripped from the stalks, 
which are then loaded into ox carts, the leaves seirving as fodder for the 
oxen. Within easy hauling distance from each field is located a railroad 
siding and loading station, and thither the creaking ox carts wend their 
way. These loading stations are furnished with cranes which are able 
at one time to lift the full load from the cart and deposit it in the wait- 
ing railroad car. 

Mill-owned locomotives then haul the loaded cars to the “centrale,” 
where unique fireless locomotives, which run 8 hours or more on one 
charge of steam taken from the mill, switch them on to tilting tables. 
The cars have hinged sides, so that when these tilting tables are elevated 
to a sufficient angle the sugar-cane load slides from the car on to a slatted 
conveyor, which carries the sugar-cane stalks first to the cane knives, 
where the stalks are cut into short pieces, and next to the crushers, where 
the cane is shredded. These last consist of two cylinders with inter- 
locking ridges, which rupture the cane as it passes through by twisting. 
This process is not primarily intended to press out the juice, but the 
cane is shredded and prepared for subsequent juice extraction by the 
mills. Each mill consists of three rollers, and a series of mills from four 
to seven in number is knowm as a tandem.” 

Sugar manufacture. The cane is now passed on to these other heavj’’ 
horizontal steel rollers or mills, which, exercising a tremendous pressure, 
cause a rupture of the sugar-cane cells and press out the juice. As the 
cane enters the last two mills, sprays of water facilitate the extraction of 
the remaining juice. The pulp that is left, known as “bagasse,” is con- 
veyed to the boilers and provides the bulk of the fuel necessary to operate 
the mill. The sugar-cane juice, constituting about 80 per cent of the 
weight of the cane, is now ready for the clarification process. The juice 
is first raised to a temperature of about 210 to 220 degrees E. and flows 
into large tanks, where sufficient lime is added to neutralize the destruc- 
tive acids present, coagulate the albumen, and at the same time purify 
the juice. Residue from this process is passed through filter presses to 
remove the mechanically suspended impurities. 

Concentration of the juice into syrup now takes place in the evapo- 
rators, and the granulation of the s^Tup thus produced is effected in the 
vacuum pans, where, through further elimination of water, ciystalUzation 
takes place. The sugar, which is still soft and damp owing to the fact 
that molasses is still present, goes to the centrifugal machines. The 
basket is spun at a speed of from 1,000 to 1,200 revolutions per minute, 
until a considerable amount of the molasses is thrown off. The sugar 
thus produced is known as “centrifugal sugar.” Practically all the raw 
sugar used in the United States is of this grade. Packed in bags, the 
raw sugar is ready for shipment to tlie nearest seaport, where it is loaded 
into vessels to begin its long water journey to the cane sugar refineries. 

Status of Louisiana and Florida. Louisiana, although it can scarcely 
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ever become a major source of supply, is decidedly looking up from the 
depths of the year 1920, when its production sank to little more than 
40,000 tons. The rescuer is a new, disease-resisting strain of the sugar 
cane that was developed some years ago in the Experiment Station of 
East Java (Proefstation Oest Java), Taking its name from the Station 
and a number assigned in the course of culture experiments, this cane is 
known throughout the sugar world as P.O.J.234. It is peculiarly resis- 
tant to the destructive mosaic disease of sugar cane, which ravished the 
cane fields of Louisiana for several years with a cumulative effect that is 
characteristic of this disease. The P.O.J. cane has been highly success- 
ful in Louisiana, as in other cane-growing lands, and has literally saved 
the state’s venerable industry". According to the Government Census 
figures for 1929, the yield of P.O.J. cane in Louisiana was 19.3 tons per 
acre, as against 9.3 tons for native cane. 

In recent years Florida has become a significant factor in the domestic 
sugar picture, reaching 88,000 tons in 1939-1940, a larger output being 
prevented only by quota restrictions. 

Effect of overproduction. The enormous expansion of cane sugar 
production in man}^ countries, but most notably in Cuba and Java, during 
and after the War of 1914 to 1918, and the recovery of beet sugar in 
Europe following its serious setback occasioned by that war have caused 
world production to increase faster than world consumption. Further- 
more, expansion in many countries has been fostered by tariff legislation 
or similar artificial means. Because of this much of the world’s sugar, 
produced at a high cost, is marketed at a profit, while low-cost producers 
in other regions are compelled to sacrifice their product, often at a loss. 

As a result of these world conditions, sugar prices in the United States 
descended to prewar levels, notwithstanding three successive increases 
in tariff duty aggregating approximately a cent per pound; in fact, in 
1933, raw sugar sold in New York (cost and freight, Cuba) as low as 
0.57 cents per pound, the lowest price ever recorded. It is interesting 
here to note that, on the basis of this price, the import duty on Cuban 
sugar was approximately 350 per cent and on other foreign sugars 440 
per cent ad valorem. 

Sugar-control plans. Cuba had tried at various times, with but little 
success, to bolster the price of sugar both by crop restriction and by 
governmental control of sales and shipments. Restriction in Cuba 
merely stimulated production in other countries. Not only in Cuba but 
also in Java and other exporting countries stocks continued to mount, 
to the dismay of all concerned. In 1931 Cuban interests, under the 
leadership .of Thomas L. Chadbourne, a New York attorney, were in- 
strumental in bringing about an agreement between some of the larger 
sugar-exporting countries, whereby these countries were to limit the 
exports to predetermined quantities for a period of 5 years, segregating 
current stocks and restricting production as might be necessary to fit 
the requirements of the plan. The signatories to this agreement, seven 
in number, were Cuba, Java, Germany, Czechoslovakia, Poland, Bel- 
gium, and Hungary. These countries represented the great bulk of 
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sugar that passed at the time from one nation to the other the world 
over, but vast production areas were left out, notabl}’' the British Empire, 
Russia, Japan, Puerto Rico, Hawaii, the Philippines, and the United 
States. Although the five-year plan did not come up to expectations, 
increased production being invited and actually taking place within some 
of the areas not covered, Cuba — ^but not the other signatories — was 
benefited somewhat by the quota system established in 1934 by the 
United States 

Finally in 1937, in London, a much more comprehensive international 
convention, now known as ^'The International Sugar Agreement,^’ was 
signed by 21 sugar-producing coimtries, this time including the United 
States and Great Britain, both large importers of sugar and, together 
vnth their possessions, important producers. This time, also, practically 
all of the important exporting countries signed the agreement, which, b}^ 
its terms became effective on September 1, 1937, and is to run for a 
period of 5 years. Exporting countries are committed to limited quotas 
for exportations to the ^Tree market, which means all but certain ex- 
cepted exports, as from Cuba to the United States under any import 
quota allotted by the latter, exports from the Commonwealth of the 
Philippines to the United States, and certain exports that concern other 
countries and their colonies. Obligations of the importing coimtries 
aim at the maintenance and expansion of the free market. The United 
States, for instance, undertakes to import as much from the free market 
as hitherto, and Great Britain agi'ees to limit her domestic beet sugar 
production. The agreement provided for the establishment of an Inter- 
national Sugar Council, quartered in London and empowered to watch 
events and administer the pro\isions of the agreement. 

It is generally conceded in sugar circles that some good has been ac- 
complished by the London agreement. Although at the end of the plan’s 
second year in operation Europe again plunged into war, no nation has 
up to October, 1940, moved to vdthdraw from the agreement, as provided 
therein in the event of its becoming involved in hostilities. 


The General Outlook 

It would be vain in the present state of world affairs to attempt any 
prognostication regarding the future of sugar even in this (at present 
writing) still peaceful nation. The beet sugar fields and factories of 
France and Belgium have once again come under the destructive hand 
of war. To what extent thej" may be devastated, however, is as yet 
uncertain; and in view of vast potentiality for sugar production in many 
countries, it is impossible to predict to what extent the United States may 
be called upon to supply Europe with refined sugar, either during or after 
tlic present war, How that Holland has been subjugated, much may 
depend on what becomes of her colony Java, with its presently controlled 
sugar production of 1,500,000 tons and its potential production of some 
3,000,000 tons, a considerable proportion of vrhich can be made in the 
form of ‘‘Java whites” for direct consumption. France may find it 
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necessary or expedient to make up Mdnitever sugar deficiency there may 
bo from tlic German producing area. Since the beginning of hostilities 
in September, 1939, the United States has exported significant quantities 
of refined sugar to some of the countries of Europe, including Norway 
and Finland before they were involved in hostilities, Switzerland, Greece, 
Turkey, Palestine and Syria, as these countries found their usual sources 
of suppl}’' cut off because of conservation of supplies by the warring 
nations or blockade conditions. With the conquest of Norway, however, 
and the later closing of the Mediterranean to ships of our registry upon 
Italy’s entrance into war, shipments to these areas have been at least 
temporarily curtailed or suspended. A sizeable market for soft sugars 
in the United Kingdom had already ceased early in the war. Finally, 
the capitulation of France, just as she was arranging for considerable 
supplies of sugar here, has rendered doubtful that countr^^’s status as 
an outlet for our sugars abroad. 

Whether and to what extent these markets shall be restored and others 
created seems uncertain. The area of Europe now under German domin- 
ation produces an enormous quantity of beet sugar, but as long as the 
war continues, all of this may be retained within that area, leaving the 
Aleditcrrancan countries and others to seek tlieir supplies elscwlierc, in 
which ease the United States will probably obtain a share of their busi- 
ness. Foreign ships must be used, however, if tlie present ncutralit}^ 
laws arc continued. The United Kingdom at present has ample refining 
capacity for its needs and can obtain raw sugar from its own colonial 
possessions, Cuba, and even .Java. Destruction by bombing of the re- 
fineries in London and Liverpool might, however, change the picture 
completely. 

Looking at the domestic angle of the sugar situation, the difficulties 
that confront our United States cane-sugar refining indusby have been 
considered in a previous section. The recent enactment of the Cum- 
mings Bill, which, during its passage through Congress, gave rise to 
considerable controversy between various branches of the sugar industry 
whose interests are more or less conflicting and which was only one of 
some 20 bills directly bearing upon sugar that have been presented to 
the 1940 session of Congress settles the sugar question for only a limited 
time, that is, until the close of the year 1941. Prior to that time the 
sugar question must inevitably again come up for Congressional action. 
^^lmtcver may be the outcome of such political considerations and of 
world changes, as these affect the sugar industry in general, it is safe 
to say that our own section of that industry here in the United States 
will feel and respond to every such development, within or without, just 
as it has done in the past. 
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Tabm VII 

WORLD SUGAR PRODUCTION® 
(In Tons of 2,240 Pounds) 


Cane Sugar: 

1939-1940 

1938-1939 

1937-1938 

1936-1937 

1935-1986 

United States; 

Louisiana 

Florida 

Puerto Rico 
Hawaiian Islands 
Virgin Islands . 

Cuba . 

Others in America . 

400,814 

88,000 

982.000 

850.000 
7,000 

2,793,000 

3,708,340 

439,029 

81,753 

760,678 

864,636 

5,300 

2,758,552 

3,695,935 

357,243 

50,789 

961,720 

819,028 

3,503 

3,017,718 

3,356,353 

342,423 

47,515 

889,594 

821,990 

7,570 

3,012,968 

3,428,095 

304,367 

37,383 

826,817 

907,474 

3,357 

2,588,395 

3,483,611 

Total in America . - 

8,829,154 

8,605,883 

8,566,954 

8,550,155 

8,151,404 

Philippine Islands 

British India 

Java 

Japan 


876,934 

3,701,908 

1,550,738 

1,663,750 



876,983 

5,222,046 

583,028 

1,089,884 

Total in Asia 

7,872,030 

7,793,330 

8,403,448 

9,368,306 

7,771,941 

Australia and Poly- 
nesia 

Africa 

Europe 

1,020,000 

1,002,000 

13,000 

957,322 

1,093,939 

13,124 

950,625 

1,071,148 

12,222 

935,176 

996,317 

15,747 

782,898 

945,035 

19,619 

Total Cane Sugar . . 

18,736,184 

18,463,598 

19,004,397 

19,865,701 

17,670,897 

Beet Sugar: 

Europe; 






Germany 

2,303,812 

2,145,141 

2,383,659 

1,950,527 

1,898,239 

Czechoslovakia 

519,898 

530,474 

741,187 

709,652 

564,798 

France 

1,033,200 

2,500,000 

838,892 

975,038 

892,103 

932,520 

Russia and Ukraine . 

2,300,000 

2,500,000 

1,998,943 

2,600,000 

England 

475,000 

2,757,959 

289,435 

377,133 

521,944 

471,704 

Others in Europe. . . 

2,542,816 

2,650,371 

2,639,740 

2,567,142 

Total in Europe 

9,589,869 

8,666,758 

9,627,388 

8,712,909 

9,034,403 

United States 

1,462,605 

1,485,024 

1,147,185 

1,167,530 

1,052,207 

Canada 

75,573 

63,883 

53,796 

67,783 

53,508 

Total Beet Sugar. . . 

11,128,047 

10,215,665 

1 

10,828,369 

9,948,222 

10,140,118 

Grand Total — Cane and 


1 




Beet Sugar 

29,864,231 

28,679,263 

29,832,706 

29,813,923 

27,811,015 


‘Ibid. (January IS, 1940), p. 23; (March 24, 1940), p. 117. 
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Table VIH 

UNITED STATES CANE REFINING COMPANIES® 


Name 

Locaiion of Plant 

Yearly 
Capacity in 
Short Tons 

American Sugar Refining Co 

Boston, New York, Philadelphia, 


Baltimore, and Chalmette, La. 

2,362,500 

Arbuckle Brothers 

Brookljm, N. Y. 

450,000 

J. Aron & Company, Inc 

Himalaya, La. 

10,000^ 

California & Hawaiian Sugar Refining 
Corporation, Ltd 

Crockett, Cal. 

825,000 

Colonial Sugars Company 

Gramercy, La, 

202,500 

Godchaux Sugars, Inc 

Reserve, La. 

300,000 

Henderson Sugar Refinery ... . , . , . . 

New Orleans, La. 

112,500 

Imperial Sugar Company 

Sugar Land, Texas 

240,000 

W. J. McCahan Sugar Refining & Mo- 
lasses Company ... 

Philadelphia, Pa. 

300,000 

National Sugar Refining Company of 
New Jersey 

Long Island City, N, Y., and 


Edgewater, N. J. 

1,200,000 

Pennsylvania Sugar Company 

Philadelphia, Pa. 

600,000 

Revel e Sugar Refinery 

Boston, Mass. 

300,000 

Savannah Sugar Refining Corp 

Savannah, Ga. 

375,000 

Southdown Sugar Refining Co 

Houma, La. 

45,000'* 

Soutli Coast Company 

Mathews, Franklin, and Houma, 


La. 

45,000'* 

Sterling Sugars, Inc. 

Franklin, La. 

105,000'* 

Sucrest Corporation . , . . . 

Brooklyn, N. Y. 

150,000'* 

Western Sugar Refinery . . 

San Francisco, Cal, 

420,000 

Total Capacity of United States Refining Industrj^ 

8,042,500^ 


“ Activated carbon or chemical process. 

^ Refined Syrup Sales Corporation, not hero included, is now producing both refined sugar 
and sugar syrup in the former Spreckcls Refinery at Yonkers, Now York, which had been 
closed Since 1930 

^ Ibid., Vol. XXXIII, p. 39 (1938). 
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The Petroleum Industry 


History of Petroleum 

Early history. Petroleum has been an article of commerce from the 
earliest times. Primitive man probably pitched his coracle 'Svilhin and 
without/* as Koah did the ark, with asphalt from the tar seeps of the 
Babylonian plain. The bricks of tlic walls of Babylon were set in an 
asphalt mortar. Both Herodotus in his Travels and Pliny in his His- 
toria Mtindi describe the early trade in petroleum; it is probable that the 
Greek fire which enabled the eastern Roman Empire to repel the attacks 
of the Scythians and tlic Saracens had a petroleum base which came from 
the Baku di.strict. Medieval Europe was familiar with 'petrae/^ 

or rock oil, as a medicine, and the Far East for many centuries traded in 
oil from the Burmese seepages at Yenangyaung. Tliis commerce, how- 
ever, was a trade in a rare substance, and vciy few people came in con- 
tact with it Indeed, it was so rare that less than a century ago Lord 
Playfair, one of England*s foremost chemists, stated that prior to 1850 he 
had never seen a piece of paraffin larger than an ounce in weight. Such 
petroleum produced prior to 1859 was won from natural seepages by 
bailing and skimming, or produced as a by-product from brine wells, or 
extracted from shale or coal. In Galicia, some mining was done 
for mineral wax (ozocerite) . The oil produced was rarely refined to any 
appreciable extent, and usually the light fractions were discarded.' 

Oil as a source of light. With the general raising of living standards 
that took place in the first half of the nineteenth century, the substance 
that had been looked upon as a chemical curiosity and as a drug began 
to interest a number of ingenious minds as a possible cheap source of 
light. The burner invented by the Frenchman Argand in 1784 had 
shown that such oils could be used for lighting, and in England Dr. James 
Young developed methods of producing oils from coal and later from oil 
shale, both of which he patented. These discoveries embraced not only 
the distillation of oil from shale and coal but also many of the ordinary 
processes of refining, such as steam distillation and sulphuric-acid treat- 
ment of distillates. Under licenses from Young and from an American, 
Abraham Gesner, the number of coal- and shale-distillation plants in- 
creased rapidly in both the United States and England. The demand for 
tfie pi’oduct irom these plants was large, as it replaced the more costly 

3^7 
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whale and lard oils and gave a better and more dependable liglit than 
spermaceti or tallow candles. 

Colonel Drake’s discovery. The production of petroleum from wells 
drilled for that purpose began in the United States in 1859. Oil had been 
produced with brine from salt wells for many years previous, but in the 
main, because it discolored the sail, it was regarded as a nuisance. In 
1857, however, a group of New Haven men formed the Penns 3 dvania 
Rock Oil Compan}’, and having received a favorable opinion from Pro- 
fessor Silliman of Yale on the possibilities of crude petroleum as a source 
of burning oil, sent Colonel Drake to Pennsylvania to drill the first well 
for oil on Oil Creek, near Titusville, This well came in on August 27, 

Taiu.!: I 

CRUDE OIL, NATURAL GAS, AND NATURAL-GAS GASOLINE 
PRODUCTION IN THE UNITED STATIvS' 


Fear 

Per Cent of Maximum Year 

Crude OH 

Xutural Ga<: 

Xaiural-Gas 

Gasoline 

1915 

21.98% 

20.11% 

2.93% 

1916 

23.51 

31.28 

4.03 

1917 

26.21 

33.02 

9.75 

1918 

27.83 

29.95 

12.05 

1919 

29.58 

30.98 

15.74 

1920 

8^1.03 

33.15 

17.22 

1921 

36.8-1 

27.50 

20.14 

1922 

43.59 

31.07 

22.05 

1923 

57.26 

4I.S2 

30.54 

1924. 

55.81 

47.41 

41.81 

1925 

59.71 

49,37 

50.48 

1926 

60.20 

54.54 

01.02 

1927 

70.45 

cow 

73.47 

1928.. 

70.47 

05.13 

81.21 

1929 1 

78.75 

79.05 

100.00 

1930 1 

70.20 

80.72 

98.96 

1931 

06.53 

70.05 

82 01 

1932 

01.38 

64.03 

08.22 

1933 

70.80 

C4.G1 

03 57 

1934 

70.99 

73 55 

08.74 

1935 

77.91 

79.61 

73.96 

1936 

85.97 

90.01 'i 

80.42 

1937 

100.00 

100 00 

92.47 

1938 

94.93 

93.99 

90.55 

1939 

98 83 

(“) 

93 82 


Actual Quantities for Maximum Tear 
^de Oil 1937 — 1,279,160,000 Barrels 

Natural Gas 1937 ^ 2,407,620,000,000 Cubic Feet 

Natural-Gas Gasoline — 1929 — 2,233,688,000 Gallons 

• Not available. 


^Source: United States Bureau of Mines. 
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1859, at a depth of 69 feet. The primitive drilling rig used by Drake, 
adapted from rigs used for drilling for brine, was the precursor of the 
modern cable tool rig, while his use of metal pipe to line the bore hole 
was the start of modern casing methods. There was an immediate 
market for the product of Drakc^s well in the coal-distillation plants 
which had been erected under the Young and Gesner patents to make 
kerosene or coal oil for use in lamps. 

Begxnning of the oil industry in the United States. Here, then, be- 
gan the first great period of the industr^’^'s growth. During the year of 
the Drake discovery the production was 2,000 barrels, the following year 
it was 500,000 barrels, and by 1863 it had reached 3,057,000 barrels. The 
early Pcnns 3 dvanian fields jdolded an oil ])cculiarl 3 ' adapted to the needs 
of the da 3 ’' in that, with comparativel 3 ’' simple treatment, it 3 delded burn- 
ing oils for lamps and lubricants. Development spread rapidly througli 
Penns 3 dvania and into New Yoik but did not reach the other states 
until 1876, when oil was first produced commcrciaU 3 ^ in Ohio, West Vir- 
ginia, and California; however, large quantities of oil were not produced 
in Ohio until 1886 and in California until 1898. Commercial production 
was started in Kentuck 3 " in 1883, and in Indiana and Illinois in 1889. 
While the first commercial production of oil in the IMid-Continent began 
in Kansas in 1889, near the town of Ncodesha, 3 ’’et important production 
in this general area was not developed until the Corsicana field was 
opened in Texas in 1896. Discovciy of the Spindle Top pool in 1901 
opened development on the Gulf Coast. Oklahoma began producing in 
1902, and with the discovciy of pools in the Bartlesville area in 1904 
and the Glenn pool in 1906, it rose rapid^v to prominence. Louisiana’s 
first production was in 1898. The New Mexican fields were opened in 
1923, while production in Arkansas started with the discovei^’’ of the 
El Dorado field in 1921. 

Growth of the petroleum industry. The annual production in the 
United States, as shown in Tables I and II and in Figure 1, has increased 
almost continitously since 1859 up to 1929. In 1930, because of the world 
depression, there was some shrinkage in production; liowever, it began to 
increase again in 1933 and has increased practically continuously since 
then. 

Production in countries outside the United States did not become 
important until 1876, in which year Russia produced 1,300,000 barrels; 
Rumania reached a production of 1,000,000 barrels a yoar in 1899, the 
Polish fields in 1895, and the Japanese fields in 1901. The Netherlands 
East Indies became a substantial producer in 1895, Mexico in 1907, Persia 
in 1913, Trinidad in 1916, Argentine and Eg 3 ^pt in 1917, Sarawak in 
1918, Venezuela in 1921, Colombia in 1925, Iraq in 1935, and Bahrein in 
^ 1936. None of these countries except Russia has challenged the suprem- 
acy of the United States in petroleum production. The Russian produc- 
tion exceeded that of the United States in 1898, 1899, 1900, and 1901; in 
this last year, Russia reached the peak of production until 1928, when a 
new peak was reached. 
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The table of world production of iiclrolcum indicafos liow rapid lias 
been llic growth of tlic industry' since 1900. 


Taiii,k III 


CRUDE OIL, NATURAL G.AS, AND NATUHAI.-GAS G.tSOLlNE PRICES 
IN THE UNITED STATI'ii-> 


year 

Crude Oil 

Satural (i(i\ 

Xalvral^^n* 

Caroline 

Value at icclh 
prr barrel 

Vahic nl /»jnN oj 
consumption ptr 
.If cubic fut 

1 Value at ffmnt of 

1 profhtciion jicr 
\ callfui 

1015, 

8 .61 

8.161 

S.070 

1916 

I.IO 

.100 

.138 

1917 

1.50 

170 

.184 

1018 

1.9S 

213 

.178 

1919 

2.01 

.210 

.183 

mo 

3 07 

,210 

.187 

1921... 

1.73 

.20-1 

.137 

1922 

1.01 

.291 

.144 

1923 

1.34 

.238 

.003 

1024 

1.43 

.222 

.OSS 

1025 

l.GS 

.223 

.107 

1026 

l.$S 

.229 1 

.100 

1927........ 

1.30 

.220 

.072 

1928 ! 

1.17 

.232 

.077 

1929 ! 

1.27 

.210 

.071 

1030 

1.19 

.214 

.058 

1931 

.05 

.233 

035 

1932 

.87 

.247 

032 

1933 

.07 

.237 

038 

1934 

1.00 1 

.223 

039 

1935 

.97 1 

.224 

043 

1930 

1.09 j 

.220 

.017 

1937 

1.18 1 

220 

047 

1938 

1.13 : 

.221 

.037 

1939 

.98' 

1 


1 e) 

! 


• Prclimitiarj’ from Oi7 nWUr/ (January 29, 1940) » 
» Xot available 


Early methods of transportation, \Micn oil ^vas first discovered, it 
was transported in barrels^ usually on flatboats, down the rivers, then by 
rail to refineries, and finally the refined product v/as sent to the consumer 
in barrels. 

Some of the early fields in Pennsylvania were served by a series of 
narrow-gauge railroad lines, the oil being run into barrels and loaded on 
flat cars. T^'ooden tank cars were first used in 1865 and metal tank cars 
in 1871. 


Ibid, 












Fig 1. Wells, pi eduction, nnd price of crude od, natural gas, and natural-gas 
gasoline in the United States fioui 1915 to 1939 
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Tmmx IV 

DRILLING ACTIVITITIS IN THE UNITED STATl!:S< 


Ycetr 


^umhcT oj M 

Drilled 


Oil 

xcclls 

Ga'i 

xrdls 

Dry 

Total icclh 
completed 

1915 

9,151 

2,022 

2,981 

M,157 

lOlG 

18,777 


4,039 

21,019 

1917 


1,900 

4,851 

23.407 

1918.. 

17,8-55 

2,229 

5,013 

25,687 

1019 

21,052 

2,135 

r>,9S0 

29,173 

1920 

24,273 

2,274 

7,3(yl 

33,911 

1921 

14,000 

2,111 

5,100 

21,037 

1922 

17,333 

2,021 

5,332 

21,089 

1923 

10,200 

2,319 

5,883 

21.438 

1921. 

14,587 

2,257 

5,014 

21,888 

1925 

10,559 

2,330 

0,731 

25,023 

1920 

19,013 

2,311 

7,905 

29,319 

1927 

14,412 

2,491 

7.210 

21,143 

1928 

12,520 

2,727 

7,078 

22,331 

1929 

15,572 

2,870 

7,914 

20.350 

1930 

11,0-10 

2, son 

0,731 

21,240 

1931 

0,788 

1,985 

3,059 

12,432 

1932 1 

10,441 

1,027 

3,509 

15,610 

1933 1 

8,008 

932 

3,312 

12,312 

1934 

12,520 

1,3GS 

4,309 

18,197 

1935 

15,108 

1,401 

4,011 

21,420 

1930 

18,523 

2,070 1 

5.297 

25,800 

1937 

23.839 

2,070 ! 

5,500 

1 33,075 

1938 

19,280 

2,000 1 

0,141 

i 27,493 

1939 

19,015 

2,198 1 

0,474 

j 27,717 


Early pipe lines. The first pipe line was proposed in 1860, and in 1862 
Hutchison laid 3 miles of line. The first screwed pipe line which oper- 
ated continuously was the Van Syckel hue, 4 miles long, from Pithole to 
Aimer’s Farm, near Titusville, ^ Pennsylvania. The pipe-line network 
spread rapidly, and by 1874 pipe lines had reached Pittsburgh. This 
^i^as followed shortly by lines built to the Atlantic seaboard, and by 1906 
the Alid-Continent fields were connected with the Gulf and also with the 
Atlantic seaboard. 

At the same time that means of transportation w^erc being developed 
transportation w^as developing equally rapidly, and in 
1875 the first steel tanker for carr^dng oil W'as built. 

Flut^ations in prices of oils. The development of the early oil fields 
roughout the United States exhibited the same characteristics in all 
* development, a liigh peak of production, and a rapid 

ec me. Alost wells yielded over 50 per cent of the oil in the first year 
0 their ex istence. New pools 'were brought in with startling rapidity. 


Petroleum Institute, Facts and Figures, seventh edition (New 
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developed to a peak, and in a few years abandoned. Oil prices fluctuated 
with the discover}’' of each new pool and with the change in volume of 
supply. In the years between 1860 and 1868, the price of oil fluctuated 
more than 100 per cent annually, running from as low as 10 cents a barrel 
in 1862 to as high as §14.00 a barrel in 1864. 

Early leaders in the industry. These violent fluctuations in the price 
of oil brought to leadership a number of brilliant men interested in the 
possibilities of the oil industry and determined to profit by it to the 
utmost. Among the most capable was John D. Rockefeller, a Cleveland 
produce merchant, who in turn interested such men as Henry Flagler, 
Samuel Adams, Stephen V. Harkness, and later Charles Pratt, H. H. 
Rodgers, and John D. Archibald, This group of men was primarily 
interested in refining and in a stable oil supply for their refining plants. 
They organized the Standard Oil Trust in 1870 in the State of Ohio, 
combined a number of refining properties, bought additional refineries, 
and went heavily into the pipe-line business, at the same time endeavor- 
ing to control transportation of oil on the railroads. 

The discovery of oil in Texas was due to the activities of Captain A. F. 
Lucas, and just as the Pennsylvania fields proved the birthplace of the 
Standard Oil group, so the Texas fields were responsible for the develop- 
ment of another series of important oil corporations, including The Texas 
Company and the Gulf Oil Corporation; while the Oklahoma discoveries 
led to the founding of the Sinclair, Prairie, Phillips, Marland (now Con- 
tinental) Companies, and many others. 

In California, the discovery of oil led to the development of many 
large organizations, such as the Associated Oil Company, General Petro- 
leum Company, and the Union Oil Company. Each new group of fields 
led to the forming of new corporations, since capable men could foresee 
the profits to be derived from the oil fields in the area in which they were 
peculiarly experienced. 

Products of early refiners. The progress of the refining branch of the 
industry was slow. In the beginning, the matter of distillation was 
simple, and the first oil produced lent itself readily to the methods of 
treatment already discovered. The early refiners developed many spe- 
cial products, such as vaseline, special lubricants, and greases. The first 
great problem they encountered was the treatment of sulphur crudes 
originating from Ohio, which yielded corrosive'* oils. This problem was 
solved by the chemists of the Standard Oil Company and by Herman 
Frash, who later became inventor of the Frash process for producing 
sulphur. It should be noted, however, that the, primary products in 
which the oil companies dealt in the early da 3 "S of their development were 
kerosene and lubricating oil. Some fuel oil was made but not much. 
The voracious appetite of world commerce for kerosene and for lubricants 
us a concomitant of the increasing use of machineiy consumed the avail- 
able supply of crude oil. 

Influence of the automobile on the petroleum industry. In 1890, 
however, the first automobiles appeared on the stage, although it was not 
until as late as 1895 that as many as 4 automobiles were registered in the 
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United States. Nor did the number reach 10,000 until 1901 and 1,000,000 
until 1913. 

The entrance of the automobile on the scene and the tremendous de- 
mand for a previous waste product, gasoline (some of which had already 
been sold for cleaning purposes and for certain restricted forms of light- 
ing, the surplus being usually burned at the refineries, since it was dan- 
gerous in burning oils) completely changed the refining branch of the 
industrj^ Instead of kerosene, the despised by-product gasoline became 
most important, and the demand for it seemed insatiable. The sibi?tion 
as far as supply Avas concerned was further complicated by the fact Ihat 
the oil pools discovered in the Mid-Continent and on the Gulf Coast, 
which b}^ 1906 had become the important sources of crude oil, did not 
yield as large a percentage of gasoline as tlie lighter Penns 3 dvanian oils. 
The refiner then faced the problem of increasing the ratio of gasoline 
production to crude oil refined or of accumulating enormous stocks of 
other products which he could not sell The problem was attacked with 
all the energy that the industry could bring to bear upon it, and a solution 
was found in the development of the cracking process (the conversion of 
heavier oils into lighter ones hy distillation under pressure), which en- 
abled the industry to satisfy’' the increasing demand for gasoline without 
unduly increasing the production of bj^'-products from crude oil other 
than fuel oil, which has been rapidly invading the markets previously 
held by coal. 


Table V 

CONSERVATION OF CRUDE OIL IN THE UNITED STATES BY THE USB 
OF IjNIPROVED methods FOR THE MANUFACTURE OF GASOLINE^ 

(in Barrels) 


1 

Crude OH Required to 
Replace 

Total 
Crude Oil 
Replaced 

Actual 
Crude Oil 
Run to Stills 

Crude Oil 
Required 
Without 
Improved 
Methods 

Natural 
gasoline 
and hcnzol 

CraeJeed 

gasoline 

1928. 

1929 

1930.. . 

1931 

1932. . . 
1933. . 

1934. . . 

1935.. . 

1936.. . 

1937. . . 

1938.. . 

1939. . . 

191.686.000 

226.819.000 

228.406.000 

184.826.000 

156.592.000 

154.877.000 

166.091.000 

181.478.000 

209.110.000 

244.411.000 

251.954.000 

248.725.000 

519.695.000 

579.680.000 

678.955.000 

717.603.000 

717.256.000 
• 795,220,000 

791.879.000 

914.071.000 

1.106.934.000 

1.261.098.000 

1.283.094.000 

1.402.653.000 

702.381.000 

806.499.000 

907.361.000 

902.429.000 

873.848.000 

950.097.000 

957.970.000 

1.095.549.000 

1.316.044.000 

1.505.509.000 

1.535.048.000 

1.651.378.000 

913.295.000 

987.708.000 

927.447.000 

894.608.000 

819.997.000 

861.254.000 

895.636.000 

965.790.000 

1.068.570.000 

1.183.440.000 

1.165.015.000 

1.237.840.000 

1.615.676.000 

1.794.207.000 

1.834.808.000 

1.797.037.000 

1.693.845.000 

1.811.351.000 

1.853.606.000 

2.061.339.000 

2.384.614.000 

2.688.949.000 

2.700.063.000 

2.889.218.000 


“Source: Computed from United States Bureau of Mines data. 









Pig, 2. Consen^ation of crude oil in the United States by the use of unproved 
inelbods for the manufactine of gasoline. 



Fig 3 Growth of natural gas consumption in the United States from 1015 to 1939. 


M5LLION4 or DOLLARS 
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Importance of the cracking process. Figure 2 and Table V show 
the amount of crude oil which would have been necessarj' had the crack- 
ing process and natural gasoline not been available to supply the gaso- 
line demand. It will be seen from these illustrations that approximately 
one barrel in every two of gasoline made in the United States is made by 
processes not in general use in 1910. The fact not shown in the chart 
is that the cracking process has led to the production of special gasolines 
necessary in modem aviation and for automotive engines. 

Table VI 

GROWTH OF NATURAL G.IS CONSUMPTION IN THE UNITED STATESa 



Natural Gas Consumption 
tn Billions of Cubic Feet 

Number of 
Domestic and 
Commercial 
Consumers 
in Thousands 

Value 
of Gas 
* Consumed 
in Millions 
of Dollars 

Year 

Total 

Consumption 

Domestic and 
Co77wicrcial 
Consumption 

1915 

629 

217 

2,195 

2,362 

SlOl 

1916 

753 

235 

120 

1917 

795 

258 

2,431 

142 

1918 

721 

271 

2,509 

154 

1919 

746 

256 

2,501 

161 

1920 

798 

286 

2,615 

196 

1921 

662 

248 

2,631 

175 

1922 

763 

255 

3,015 

222 

1923 

1,007 

277 

3,234 

240 

1924 

1,141 

285 

3,443 

254 

1925. 

1,188 

272 

3,508 

265 

1926 

1,313 

289 

3,731 

300 

1927 

1,445 

296 

3,984 

318 

1928 

1,568 

321 I 

4,344 i 

364 

1929 ! 

1,917 

360 

5,098 

413 

1930 

1,942 

377 

5,448 

416 

1931 

1,684 

381 

6,961 

392 

1932 

1,554 

386 

7,037 

384 

1933 

1,553 

369 

7,232 

368 

1934 

1,765 

379 

7,566 

394 

1935 

1,910 

414 

8,004 

428 

1936 

2,161 

455 

8,674 

475 

1937 

2,403 

489 

9,028 

528 

1938 

1939- 

2,261 

476 

(“) 

500 


• Xot available. 


Discovery of natural gas. Coincident with the discovery of oil, natu- 
ral gas began to be produced either as a direct by-product of the oil 
produ^ion or as a result of the discovery of gas in wells drilled for oil. 
Its hrst iKe for domestic consumption on a small scale was in Fredonia, 
^ 1^72, gas was piped into Rochester, New York, 
and Titusville, Pennsylvania. The growth of the industry is shonm in 
Figure 3. . 


Ibid. 









THE PETROLEUM INDUSTRY 


337 


Natural gasoline (casinghead gasoline) , which is the gasoline contained 
in natural gas, was first extracted from natural gas in 1904. It was not 
until 1911, however, that 1 per cent of the natural gas produced was 
treated to extract the gasoline. By 1928, 94 per cent of the gas pro- 
duced and used was so treated. 

Important Uses of Petroleum 

Lubricants, It is probable that petroleum is used in more industries 
than any other commodity. Its first and most important use is that of 
lubrication. Practically all the wheels of the world are lubricated by 
oils with a petroleum base, and it is doubtful whether any substitute 
manufactured from any other known raw material could be produced in 
sufficient volume to supply the demand. 

Source of power. Its next most important use is as a source of power 
in the gasoline engine, in airplanes and automobiles, and as fuel in the 
Diesel engines. It forms the most concentrated and readily transport- 
able form of commercial energy known to man. One barrel of 20 degrees 
oi AP.I. gravity oil, W'bicb weighs S2b pounds, is equivalent in energy 
value to 517 pounds of coal of average grade. This difference is ac- 
centuated in the lighter grades of oil and gasolines; and, were it not for 
this fact, the present aviation industry would hardly be possible. 

Fuel. Fuel oil competes with coal and has replaced it in certain 
markets: on land, in such places as California and certain parts of the 
Southern states, where coal suffers heavy transportation charges; at sea, 
as a marine fuel because of its high energy yield per unit of weight 
and the fact that it increases the cruising radius of ships, makes available 
additional space for cargo, and reduces the labor in the fire room. The 
lighter forms of fuel oil are displacing coal as a domestic fuel because of 
their easy handling and cleanliness. 

Natural gas a form of domestic fuel. Natural gas, produced either 
with oil or as a result of exploration for oil, is now being piped over the 
United States to supply a cheap, readily available form of domestic 
fuel, and in places like California is now displacing fuel oil. 

Carbon black, ethers, solvents, waxes, and so forth. Besides these 
major uses of petroleum products, carbon black is manufactured from 
gas and is used in making tires, inks, and similar products. From gaso- 
line extracted from natural gas come liquefied gases, such as petroleum 
ethers used in hospitals, and numerous solvents, such as special alcohols. 
Certain petroleum oils are used in the making of soaps and as sub- 
stitutes for linseed oil, while various commercial solvents prepared from 
gasoline are used for cleaning and in thinning paints and varnishes. 
Special oils have been developed for use in railroad signals and for the 
absorption of gasoline from natural gas. The heavy distillates yield 
paraffin and medicinal oils, ointments, and special oils for use in the 
flotation process. Waxes are used in the manufacture of chewing gum 
and candles, while still heavier oils are used for laying dust on roads, 
for asphalt shingles, roofing, asphalt pavements, and similar purposes. 
It is indeed difficult for us to imagine our present-day civilization without 
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oil. Stopping its production for even a short time would involve stop- 
ping the major part of our transportation facilities, such as automobiles, 
airplanes, and railroads. Its absence on the sea would reduce the carrj’^- 
ing capacity of the world's mercantile marine by forcing a return to coal 
and, if lubricants were not available, possibly to sails. 

Petroleum one of the largest industries. The production, marketing, 
and refining of petroleum represent one of the largest industries in the 
•United States today. Petroleum products are sold through approxi- 
mately 250,000 different retail outlets and contribute approximately 57,- 
000,000 tons of freight per annum to the railroads. This does not include 
the large amount of material shipped by the oil companies to fields and 
plants for construction and operation purposes. The petroleum industry 
pays 12 per cent of the Panama Canal tolls, and 35 per cent of the world's 
shipping depends upon oil for motive power. 

The Petroleum Industry Today 

Production. Petroleum as such is produced from sedimentary rocks 
only, and where these do not occur, it will not be found in commercial 
quantities. The petroleum supply of the world is therefore limited to 
countries in which such roclvs are found. Present distribution of petro- 
leum production is shown in Table III. This distribution is governed 
by: (1) the natural distribution of petroleum resources among the var- 
ious countries; (2) the laws of the various countries which govern its 
production; (3) the energy with which a search for it has been under- 
taken; (4) the distance from the productive areas to the consuming 
centers. 

World sources. Two countries stand out preeminently in the pro- 
duction of petroleum and in future resources: the United States and 
Russia. Other countries that have important resources are: in North 
America, IMcxico; in South America, Venezuela, Colombia, Peru, Argen- 
tine, Bolivia; in the West Indies, Trinidad; in Europe, Rumania, Poland, 
Russia, and Albania; in Asia, Asiatic Russia, including Russian Turkes- 
tan and Sakhalin, Iraq (Mesopotamia), Persia, Burma, Arabia, 
the Netherlands East Indies, and Bahrein. At present it does not seem 
probable that countries other than Those listed above will produce petro- 
leum in large enough quantities to export it beyond their own borders. 
The following countries have some petroleum resources, but these seem 
to be sufficient only to supply’’ part of their local needs: in North America, 
Canada; in South America, Brazil; in the West Indies, Cuba and Barba- 
dos; in Euiupe, Prance, Italy, Germany, Hungary, and to a very small 
extent Spain and Czechoslovakia; 5n Asia, India, except Burma, and 
Japan; in Africa, Eg^qT, possibly the French colonies of Algeria, Mo- 
rocco, and ^Madagascar, and Portuguese East and West Africa. On the 
whole, the possibilities of Africa producing any large quantities of petro- 
leum seem to be x^ry slight The same may be said of Australia, though 
there are possibilities in New Zealand and in the interior of Australia. 



THE PETROLEUM INDUSTRY 


339 


The interior of Asia, including the high plateau of Mongolia, a large part 
of China, and the great mountain ranges of Tibet, is almost devoid of 
petroleum possibilities. We know too little about the Antarctic continent 
to make a guess at the possibilities there; at present they seem to be of no 
consequence. 

From the above it will be seen that the petroleum resources are dis- 
tributed among relatively few countries and that these countries will 
continue to be important producers, while the rest will continue to be 
importers and buyers of petroleum produced by others. 

Petroleum fields in the United States* The fields in the United States 
are usually grouped in five sections: the Eastern fields, J^Iid-Continent 
fields, Gulf Coast fields, Pocky Mountain fields, and California fields. 
Crude oil produced in these different oil fields is of A’^arious types and 
qualities. However, each group has certain general characteristics. 

The Eastern fields. These may be divided into the Appalacliian and 
Middle Western fields. The Appalachian part of the Eastern fields, in- 
cluding the States of New York, Pennsylvania, West Virginia, Kentucky, 
and Tennessee, produces light crude oils, usually of paraffin base, with 
desirable lubricating oil content and high yields of gasoline and kerosene. 
These oils have until recently been refined by the straight-run process 
instead of being cracked. The gasolines from these oils have low anti- 
knock ratings. The producing sands arc all of Paleozoic age. 

Tile Middle Western fields, which include the States of Ohio, Indiana, 
Michigan, and Illinois, in some cases produce heavier oils of mixed base 
containing sulphur compounds which require special treatment; in other 
cases, as in the new fields in Illinois and Michigan, they produce sweet 
oils. As a rule, these oils are used for the manufacture of gasoline, kero- 
sene, and fuel oil. The producing sands are all of the Paleozoic age. 

The Mid-Continent field. In the Mid-Continent, which at present is 
the largest single producing group in the United States, a number of dif- 
ferent of oils are produced, vai^ying from ver^^ light, paraffin-base 
oils to veiy heavy, asphaltic-base oils. The largest reserves in the United 
States occur in this area. The Mid-Continent fields include southeastern 
New Mexico, all of Texas except a strip along the coast, noii/hern Louisi- 
ana, and the States of Arkansas, Oklahoma, and Kansas. Oils are pro- 
duced in this area from rocks ranging from Cretaceous to Lower Ordo- 
vician in age and arc the source of large quantities of gasoline, kerosene, 
and lubricating oils. 

The Gitlj Coast fields. These fields include the coastal strip extending 
from the mouth of the Mississippi River down to the Mexican border. 
The oil produced from these fields is of many grades, but when cracked 
yields desirable grades of gasoline, with high antiknock value, and fuel 
oil. It is also the base of good lubricating oils. Production is obtained 
from beds of Tertiary age and in particular from those peculiar struc- 
tures knovTi as “salt domes,” where a salt plug has been forced up 
through and has tilted sedimentary beds from which the oil production is 
secured. 



340 


THE PETROLEUM INDUSTRY 


The Rocky Mountain fields. These fields include two distinct types of 
oils. Certain Permian formations yield ^^black oils/^ which are high in 
sulphur content and dfficult to refine. Most of the production from the 
Rocky Mountain district is, however, from rock of Eocene, Cretaceous, 
and Jmassic ages; it is of mixed base, rather light gravity, and is used 
for the production of gasoline and lubricating oils and a small amount of 
fuel oil. These oils are more or less sulphur-free. The Rocky Mountain 
production comes from the following states: northwestern New Mexico, 
Colorado, Wyoming, and Montana. 

The California fields. Practically all the oil in this region is pro- 
duced from Tertiary beds and ranges from the very light, gasoline-like 
oils produced at Kettleman Hills to the very hea^’y^ asphaltic-base oils 
produced at Kem River. While confined to a relatively small area, the 
California fields are marked by a high per-acre yield. They are usually 
divided into three sections: the San Joaquin Valley, Ventura County, 
and the Los Angeles Basin. 


Tabub VII 

PETROLEUM PRODUCTION IN THE UNITED STATES FOR 1938^ 


State 

Arkansas 

California 

Colorado 

Illinois 

Indiana 

Kansas 
Kentucky . . . 

Louisiana 

Michigan 

Montana 

New ^lexico. . . 
New York . . . ! 

Ohio 

Oklahoma .... 
Pennsylvania, , 

Texas 

West Virginia. 
Wyoming 
Other states;®.. 

Total. . 


Production 
in Thousands 
of Barrels 

18,180 

249,749 

1,412 

24,075 

995 

60,064 

5,821 

95,208 

18,745 

4,946 

35,759 

5,045 

3,298 

174,994 

17,426 

47o,8o0 

3,684 

19,022 

82 


1,214,355 


Value 

in Thousands 
of Dollars 

$ 16,900 
257,250 
1,540 

30.100 
1,260 

72.100 
7,570 

110,100 

19,300 

5,190 

33,250 

9,550 

3,860 

209,500 

32,760 

539,150 

5,600 

12,000 

SO 


$1,367,060 


■ MiFsouri, Tcnnosseo, and Utah. 


Reserves. The crude petroleum reserves of the United States are 
estimated annually by the American Petroleum Institute and the reserves 
as to districts are shoTsm in the following table. 


’7bW. 
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Table VIII 

ESTIMATED PROVEN PETROLEUM RESERVES IN THE UNITED STATES 

(in Barrels of 42 Gallons) 


Sidle 

Production^ 
During 1039 

Per Cent 
of Total 

API Commiilec 
Report of 
Proved Reserves 
as of January 
lOJiO 

Per Cent 
of Total 

Rcscrfc 

Years 

Supply 

Arkansas 

21,143,000 

l.C7% 

320,148,000 

1.73% 

15.14 

California. ... 

221,354,000 

17.75 

3,532,342,000 

19.11 

15.74 

Colorado 

1,391,000 

.11 

20,162,000 

*11 

14.49 

Illinois 

94,302,000 

7.46 

381,636,000 

2.06 

4.05 

Indiana 

1,443,000 

.12 

14,164,000 

.07 

9.82 

Kansas 

00,723,000 

4.80 

725,407,000 

3.93 

11,95 

Iventucky 

5,681,000 

.44 

44,086,000 

.24 

7.90 

Louisiana 

93,809,000 

7*43 

1,173,225,000 

6.35 

12.50 

Michigan 

22,799,000 

1.80 

51,078,000 

.28 

2.24 

Montana 

5,901,000 

.47 

93,460,000 

.51 

15.68 

New Mexico. . . . 

37,323,000 

2.95 

687,168,000 

3.72 

18.41 

New York 

5,098,000 

.40 

35,392,000 

*19 

6,94 

Ohio 

3,156,000 

.25 

31,692,000 

i .17 

10.04 

Oklahoma 

160,072,000 

12.66 

1,063,152,000 

: 5.75 

6.64 

Pennsylvania .... 

17,337,000 

1.37 

183,123,000 

1 .99 

10.56 

Texas 

484,527,000 

38*33 

9,768,371,000 

52.85 

20.16 

West Virginia . , 

3,580,000 

*28 

45,888,000 

.25 

12.82 

Wyoming ... . ' 

21,417,000 

1.69 

305,610,000 

1.65 

14.27 

Other states® . ; 

180,000 

.02 

6,842,000 

.04 

38.00 

Total. 

1,264,256,000 

100.00% 

1 

18,483,012,000 

100.00% 

14,62 


• MiBSiBBippi, Nobraska, Tonncssoo, Missouri, and Utah. 


Geographical Location of Refining Centers 

The refining industry has growTi up around the various sources men- 
tioned, and we find that the location of refineries is controlled by two 
factors: (1) a supply of “crude’* which can be moved to the refinery at 
low cost; and (2) the location and nature of the consuming market. 

From a glance at the accompanying maps of the United States and 
the world, it will be noted that the great refining centers in the United 
States are: (1) A group of refineries on the Atlantic seaboard around the 
ports of New York and Philadelphia, which supply the great consuming 
markets of the Eastern United States. Crude is brought to these re- 
fineries by pipe lines extending from the interior of the United States, 
across the Alleghenies to New York. Tankers also bring supplies from 
foreign Caribbean sources, such as Venezuela, Colombia, and Mexico, 
or from marine terminals of pipe lines from the Mid-Continent and Gulf 
Coastal fields at the Gulf Coast. (2) A group of refineries about the 
mouth of the Mississippi River between New Orleans and Baton Rouge, 
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These refineries again depend upon mter transportation for crude oil 
or on pipe lines from the interior. They distribute by barge and tank 
car. (3) A group of refineries around the towns of Beaumont, Port 
Arthur, and Houston, at the terminus of pipe lines from the Mid-Conti- 
nent and contiguous to the Gulf Coast fields. They depend largely on 
water transport for their product. 

Two other important centers are Chicago and St. Louis, wdiere there 
are large markets and where oils are brought to the refineries from the 
Mid-Continent and Middle Western fields by pipe lines. An old refining 
center exists at Pittsburgh, where a number of plants grew up in the 
early days to refine oil produced from the fields close at hand. Cleve- 
land was also another important refining center for the Pennslyvanian 
oils, as it lay on Lake Erie close to water transportation and a network 
of railroads. 

In the Mid-Continent, the Tulsa and Dallas districts are both impor- 
tant refining centers, owing to the proximity of supplies of crude oil and 
the existence of important railroad centers. In the Rocky Mountains, 
Casper, near the Salt Creek field, is important. Refineries of local im- 
portance grew up with the production of oil from fields in northern 
Wyoming, Montana, and Colorado. 

In California, oil for refineries is mainly moved to tide water, and w^e 
find the great refining centers in San Francisco and Los Angeles in asso- 
ciation with these ports, oil being brought from the interior to the re- 
fineries by pipe lines. 

Transportation a factor in location of refining centers. It will be 
seen from the above account that, as a rule, petroleum is moved in its 
crude state from the producing centers, preferably by cheap water trans- 
portation, or, when this is not available, by pipe lines to consuming cen- 
ters, where it is refined, the location of the refineries depending primarily 
upon transportation facilities. Refineries must sell in each local market 
the products available by the distillation of the crude oil they use. This 
fact has had its effect on the refining practice in various areas, making 
cracking more important on the Gulf Coast, where the chief demand is 
for gasoline, than in California, w^here there has been a relatively large 
demand for fuel oikbecause of the high cost of coal. An important de- 
parture from this generalization has been the recent construction of a 
number of gasoline pipe lines for the transportation of gasoline from 
refining centers. These new pipe lines will enable the refineries manu^ 
facturing gasoline to transport to certain districts the products that 
market will absorb. (See Figure 4.) 

Important refining centers abroad. What has been said here of the 
mfining industry in the United States is true also in other countries. The 
Rumanian center, Ploesti, is close to the Rumanian fields and is con- 
nected by pipe lines with the two most important transportation points, 
Guirgevo on the Danube and Constantza on the Black Sea, so that 
Rumanian products may be distributed via the Danube into the interior 
of Europe and via the Black Sea to the Mediterranean markets. The 
big refining center at Baku Js dependent upon the Baku fields, and dis- 
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tribution is secured by pipe lines to the Black Sea and by marine trans- 
portation on the Caspian Sea up the Volga River to the center of Russia. 
The Egj'ptian refineries depend on the Egyptian field.s, and their location 
at the end of the Suez Canal is advantageous for both fuel oil markets and 
transportation. The refining centers in England manufacture products 
from oil brought by water from Trinidad, Venezuela, and Persia, wliich 
they distribute in northern Europe. The great refining centers at Cu- 
rasao and Aruba arc closely associated with the Venezuelan oil fields, 
and arc located very advantageously for distributing oil to countries sur- 
rounding the Atlantic and diverting their oil from market to market as 
may seem desirable (Sec Figure 4a.) 

A recent tendency in many foreign countries has been legislation set- 
ting up a differential in favor of crude oil importations rather than of the 
finished product. The effect of this differential custom duty has been to 
cause the establishment within tlicsc countries of refining centers where 
they would otherwise not be placed, the differential duty serving as a sort 
of bounty for the construction of a plant to refine crude oil in the country" 
in which it is consumed. 


Development of Oil Fields 

Scientific determination of the presence of oil. Large companies 
maintain staffs of geologists and geophysicists who arc continually search- 
ing for new oil pools. Fomcrly, a large proportion of the production of 
the world was obtained from wells not more than a year old, and ex- 
ploratory^ work had to be continued if the needs of the world were to be 
supplied. Pratt, ^ in an article, has stated tliat it is necessary^ to drill 
20,000 new wells and prove up 50,000 acres of new oil fields per y^'car to 
maintain our supply. 

In the main, this generalization still holds; however, the discovery in 
recent years of huge deposits, such as the East Texas field, has had the 
temporary result of bringing rcser^^es in sight that exceed the immediate 
need. There is at present more than 18 years^ supply developed for the 
United States. 

In general, oil is found in anticlines or upfolds in the sedimentary 
rocks. Consequently, the search for new oil pools is carried on by^ map- 
ping the surface formations, by studying and comparing cores and 
samples from wells, both as to their mineral content and the fossils they 
contain; and by the use of various methods, usually’’ called “gcophy’^sical,” 
for investigating the physical properties of the formations underlying the 
surface of the earth. These methods may' involve the use of explosives 
for the making of small earthquakes that are recorded by seismographs, 
and the rate of transmission of waves through the underlying formations 
IS interpreted to determine the attitude and type of formations under- 
lying a particular area; or the use of the torsion balance, which deter- 
mines the variation of the force of gravity’’ from place to place and 


’Pratt, Wallace E., Oil and Gas Journal (July 1^, 1931), p. 19. 
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enables geologists to locate heavier or lighter formations v^hen these are 
folded up toward the surface of the earth. The gravity meter is now used 
for the same purpose and is replacing the torsion balance. The study 
of samples taken from wells frequently involves microscopic examination 
of cores and correlations of the fossils and minerals found in the samples, 
so that the different formations can be related from well to well. Re- 
cently, electric cores, or a study of the resistivity of the formations pene- 
trated, has also been of substantial aid to the geologist in making cor- 
relations. 

Procuring oil land leases. By the use of tlie great mass of data so 
accumulated, geologists are able to eliminate many areas as nonprospec- 
tive and to reduce materially the hazards of prospecting for oil. Never- 
theless, 1 well in every 4 drilled is dry, and of wildcat wells only 1 well 
in 25 brings in a new field. It has become increasingly difficult to dis- 
cover oil as development continues and the easily discoverable prospects 
are drilled. After the geologist has recommended an area for prospecting, 
the land is leased and wells are drilled to test the lands so acquired. In 
areas where the geology is obscure, it has been customary with the larger 
companies to ^'checkerboard,^' or buy spreads. This term means that, in 
prospective territory where the geologist cannot localize the possibilities 
for the discovery of oil, the larger corporations have bought leases so 
scattered as to permit them to participate in the results of any discoveries 
made in the area. This process differs from the direct selection of 
acreage in the same way that a rifle shot differs from a shotgun shot; in 
the one the bullet is sent directly to the mark, and in the other sufficient 
small bullets are fired so that the mark is hit by one of them. 

A lease usually entitles the landovmer to one eighth of the oil or gas 
produced and usually runs for from 5 to 10 years, unless oil or gas is 
discovered, in which case it runs as long as these substances are produced. 
Until a well is drilled, the landowner receives a yearly rental; thereafter 
he receives only his royalty. 

With the drilling of the well begins the series of complicated technical 
operations which result in the production of oil. 

Methods of drilling wells. Drilling technique has improved markedly 
in the last 20 years. Prior to 1918, almost all wells, with the exception 
of those on the Gulf Coast, were drilled by the cable tool method, while 
in recent years the rotary method has taken its place on almost all the 
territory, except in the Appalachian region.^® 

The rotary system. This method now holds all records for depth of 
drilling. The improvement in drilling which has led to these records for 
great depths has been brought about by the use of heavier and stronger 
materials, such as casing, drill pipe, and larger derricks and engines. As 
wells are drilled deeper, they of course become more costly, and wells 
drilled to a depth of over 10,000 feet frequently cost $500,000 or more. 

Wells have now been drilled to depths of 15,000 feet, and it appears 

Descriptions of the rotary and cable-tool drilling methods may be found in 
Uren’s Petroleum Engiueering (New Yoik: McGraw-Hill Book (Company, Inc., 
1924 ). 



346 


THE PETROLEUM INDUSTRY 


that they may be satisfactorily carried to even greater depths, provided 
the rewards are great enough to justify the effort. The average cost of 
wells drilled in the United States is about $25,000. The growing cost of 
drilling of the very deep prospects now undergoing development in Texas 
and California has brought about the very serious consideration of the 
amount of oil which can be produced from each well. Whenever a pool 
is divided into small lots and each owner has drilled wells to capture his 
share of the oil, the proportion of recoverable oil per well is small, which 
of course increases the total cost of producing the oil from the field. 
This problem becomes more important as wells get deeper, for a well of 
15,000 feet in depth costs some hundreds of thousands of dollars. 

During the period of development of the industry’' up to 1930, the de- 
mand for oil always ran fairly close to the supply and temporary gluts 
were followed by periods of scarcity. Under these circumstances, when 
fields w’ere discovered the wells drilled w'ere produced as rapidly as pos- 
sible, both to supply the demand and because of competition for the oil 
betw^een the owners of the various parcels on any geological structure. 
The energy contained within the oil pool itself (the original pressure of 
the oil and gas in the pool) was by this very process used inefficiently to 
bring the oil to the surface. Much of this inefficiency has been credited 
in the United States to the legal system under which the oil w^as pro- 
duced, the much discussed “Law of Capture,” but it w^as due also to a lack 
of understanding of the physics of the occurrence of oil and gas on the 
part of the producers themselves. Engineers, however, by continuous 
experimentation found that, by regulating the fiow of wells so that each 
barrel w^as lifted to the surface by the agency of the smallest amount of 
reservoir energy (the original pressure in the pool) , the cost of producing 
oil could be substantially reduced and at the same time a greater amount 
of oil could be ultimately recovered from the sands. This is a slow 
process, but it is now believed by many engineers that, if the oil pool is 
produced slowly enough, almost the entire quantity of oil in the sand can 
be produced by the pool’s store of natural energy and pumping will not 
have to be resorted to on a large scale. However, this slower rate of 
recove^, established as the best engineering practice, must be applied to 
each oil and gas pool in toto, for if one owmer or group of owners pulls 
oil more rapidly than another, the equilibrium in the oil sand will be upset 
and the oil wull migrate to the wells which are being pulled upon the 
fastest, wdth the result that the oil is inequitably distributed among the 
several owners. As a result, m most producing areas the state has 
stepped in as arbiter between the various producers in new pools under 
the various proration statutes to see that reasonable justice is done be- 
tween the individuals concerned. Oil produced in defiance of state regu- 
lations IS known to the oil trade as “hot oil,” and its production is really 
a special form of theft, as it may be said to be stolen from all the neigh- 
bors of the V ell so^ produced. This general change in production practice 
has had far-reaching effects in the producing operations. Formerly, the 
return from producing operations was rapid in the beginning of a field 
and the last few barrels of oil were won by slow and expensi've methods. 
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111 prorated fields, on the other hand, ^^bonanza’^ oil is not produced in 
the beginning, but this is compensated for by the more consistent return 
from the pool and lower average ultimate cost. Under this system l&rgc 
reserves have been built up in the United States which will be available 
in case national emergency demands more rapid production. In many 
old fields pumping wxlls produce oil for manj’' years often at rates of 
less than a barrel per day, but the expense of producing such oil is always 
a race between the cost of production and the money return, so that a 
relatively small decrease in the price of oil will inevitably stop produc- 
tion on thousands of these wells; and once they are abandoned, the oil 
which would have been recovered from them in old fields may be irre- 
trievably lost, for the expense of drilling new wells to produce such oil as 
remains would not be justified. AVclls of this class producing less than 5 
barrels per day are known as “stripper^' wells. There are producing in 
the country at the present time 373,500 oil wells and 57,000 gas wells, 
and over 200,000 of the oil wells belong to the ‘‘stripper’^ class. 

Methods of extracting oil. Oil may be produced by flowing under 
natural reservoir pressure, by gas or air lift, where gas or air is pumped 
into the well and lifts the oil to the surface, or by pumping. It is prob- 
able that the average cost of flowing oil is not more than 10 cents a barrel, 
while gas- or air-lift production costs 25 cents a barrel, and pumping pro- 
duction may cost over $1, depending upon the depth and other charac- 
teristics of the well. The above figures do not include the initial cost of 
drilling the well Wells quite usually produce some sand and mud to- 
gether with the oil, and some salt water frequently accompanies it, par- 
ticularly in the later stages of a welks life. Sand, of course, must be 
settled out of the oil, and the salt water is drained periodically from the 
tanks into which that oil is flowed These substances are usually grouped 
as “B. S.," or bottom settlings, in pipe-line reports and are measured with 
the oil in the lease tanks into which it is flowed. Gas produced with the 
oil is separated by the use of gas separators and is either used as fuel or 
passed through a gasoline plant for the purpose of extracting natural 
gasoline, after which dry gas is either sold or returned to the field to aid 
in the production of oil. The cubic feet of gas produced b}’’ a well with 
each barrel of oil is called the “oil-gas ratio,’* and this ratio is in some 
measure the gauge of the efficiency of well operation. The salt water, 
particularly in the last stages of the well, may become emulsified with the 
oil produced, and this emulsion has in some cases to be treated by heating 
or by the addition of a chemical, such as treatolite, or electrolized. 

Important factors in costs of production. All these subsidiary’’ opera- 
tions add to the cost of producing the oil. It is to be noted, however, 
that, in addition to the actual expense of operating an oil well, two of the 
most important cost factors in oil production are: (1) the cost of acquir- 
ing a lease property from which to produce it, “the lease bonus”; and (2) 
the payment of royalties on production. In the United States, the usual 
royalty paid by the leaseholder to the owner of the land is one eighth. 
\^^en it is considered that this one eighth is free and clear of all other 
charges, it will be seen that the landowner receives more than the oil 
company in net profit. 
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Transportation 

Pipe lines. Once the oil is brought to the surface, it is usually trans- 
ported to refineries by pipe line. The capacity of the line varies with the 
size of the pipe, the distance between pumping stations, the pressure at 
which the oil is pumped, and the viscosity of the oil. The oil in the field 
is pumped or flowed into gas separators and the gas is separated; the oil 
is then flowed or pumped into tanks, gauged as to volume and corrections 
made for temperature, B. S., and water, and finally run through the pipe 
line. As a nile, the oil is purchased in the field at the lease tanks by the 
refiner. 

Tank cars. 'WTien big pools are discovered and the production in- 
creases more rapidl3'’ than pipe lines can be constructed to carry it, the 
surplus oil is often run to tank cars and transported bj’' rail to the re- 
fining centers. 

Use of storage tanks. In other cases in the past, oil companies erected 
storage facilities on the ground and ran the oil to large tanks, removing it 
later when the production of the field diminished. The investment in 
tankage contrasted with the cost of additional pipe-line facilities had to 
be carcfulty calculated under such conditions, for it was sometimes very 
difficult to judge the amount of oil that would be produced by a pool from 
its performance in the earlj* stages of development, and in more than one 
case lines were laid and tanks erected b}^ companies who later found that 
there was no oil to transport through them. The present tendency of the 
industry is to keep oil below ground — that is, to produce it as needed. 

Work of the pipe-line company. The transporting company usuall}^ 
charges a fee for gathering the oil and another fee for transporting it to 
the refmer 3 % Standard rates of deduction are made for losses, as from 
evaporation, in pipe-line transmission. These losses have been reduced 
to a minimum. Pipe lines usuall}' operate on a dispatch S 5 ’'stem, the oil 
being dispatched through the line in the same waj* that trains are run on 
the single-track railway". The pump man in each pump station records 
the amount and type of oil passing through the station from time to time, 
and enables the company to identifj^ an\^ batch of oil transported. In 
some cases, in order to separate the various grades of oil, water slugs are 
pumped in between tlm various batches of oil, and the arrival of this 
water is a signal for the pump-station operator to turn the stream of oil 
into a separate tank. 

Pipe-line systems. Tlie network of pipe lines in the United States is 
shown in Figure 4. In 1940, there were 59,000 miles of crude-oil pipe 
Hnc<;, 81.000 miles of natural-gas pipe lines, and 10,000 miles of gasoline 
pipe lines. In addition, there are also 55,000 miles of gathering lines for 
crude oil and 102,000 miles of distributing lines for natural-gas sy’stcms. 
The investment in present facilities exceeds $2,000,000,000. 

Co-exten-ive vith the sj’stem of pipe lines for oil transportation has 
grown up a great system of gas lines through which is transported to 
consuming centers the gas produced as a bj^-product of the production of 
oil or discovered m the search for it These pipe-line systems have re- 
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cently connected the Mid-Continent fields with Chicago and Detroit, and 
the San Joaquin Valley with the San Francisco and Los Angeles districts. 
The general tendency of this development is to interconnect gas systems 
from the various producing centers so that gas from any one district may 
be diverted to the point of greatest need. The use of gas transported by 
pipe line has increased rapidly, but the accompanying chart (Figure 3) 
shows the effect of the great depression on the gas industry. The great 
shrinkage in the consumption of natural gas shown in 1930 to 1933 was 
due, in the main, to shrinkage in industrial consumption. 

Storage of Oil 

In the past, oil from flush fields was frequently stored in order to cut 
down the investment in facilities for moving it from the field, but this 
tendency has decreased markedly in later years as it has been recognized 
that the best place to store oil is underground, and stocks of crude oil on 
the surface have been limited largely to those necessary working stocks 
for pipe-line and refining companies. The storage, under modern condi- 
tions, is usually done in vapor-tight steel tanlcs, which prevent the evapo- 
ration of the light constituents of the oil. These tanks are usually 
erected in groups. The standard sizes for the stoi'age of crude oil have 
capacities of 55,000, 80,000, and 125,000 barrels. They are surrounded 
by embankments or fire walls, which would contain the oil should the 
tank burst or catch fire. The cost of such steel storage varies, but it is 
now estimated at 25 cents per barrel per annum, which allows for loss 
by evaporation, depreciation on the tank (except in the case of oils with 
high sulphur content, which are apt to be corrosive) , land rental, interest, 
and insurance on oil worth 1 dollar per barrel.' In the case of refined 
products, special forms of tanks have been developed for the lighter 
products, such as the hemispherical and oval tanks for natural gasoline, 
which are painted with aluminum paint to minimize evaporation. Stocks 
of gasoline usually rise in winter months. Of late, the industry has 
tended to increase these stocks beyond reasonable working needs. This 
has been brought about by the great increase in tlm demand for domestic 
fuel oil, a market which was originally developed to take care of prod- 
ucts produced as a result of the intensive refining for gasoline. It is to be 
pointed out, however, that a balance has to be struck, with reference to 
the demand for a seasonal product of the type of gasoline, between the 
cost of maintaining excess stocks and that of maintaining the excess plant 
capacity which will have to be put in operation during the season of 
greatest demand. 


The Refining Processes 

The cracking process. As crude oil is a mixture of hydrocarbons, 
its refining, until the invention of cracking, consisted of its fractional 
distillation and the treatment of the various fractions to remove such im- 
purities as sulphur. As long as the ratio of products produced by this 
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process W2-S approximately the same as the market demand for the vari- 
ous products, the process was elBcient. When, however, the demand 
for gasoline, owing to the use of the gasoline motor, was tremendously in- 
creased, without any corresponding increase in demand for the other 
products, the refiner was forced to develop means of converting the 
heavier fractions of crude oil into the lighter gasoline or to be faced with 
marketing his other products at ruinously low' prices, wdiich in turn w'ould 
have necessitated his charging higher prices for gasoline to make up his 
other losses. This condition led to the development of the cracking 
process. Distillation is, of course, the simple physical separation of a 
liquid hydrocarbon into fractions of different boiling points; the cracking 
process, wdiich involves distillation at high temperature and pressure, 
involves the actual chemical breaking dowm of the heavy hydrocarbons 
into lighter hydrocarbons and carbon. In the even new'er hydrogenation 
process, the oil is cracked under pressure in the presence of hydrogen and 
additional hydrocarbons are formed from the surplus carbon. Recently 
catal}’tic cracking has come to the fore, w'here a catalyst is present in the 
cracking still to accelerate the chemical changes that produce lighter 
hydrocarbons from the heavier. 

Originators of the cracking process. Cracking processes were de- 
veloped simultaneously by several groups: the Burton process, by D. Bur- 
ton of the Standard Oil Company of Indiana; the Holmes-iManley process, 
based on patents of F. H. Adams, by the Texas Compan}’’; the Dubbs 
process; the Cross process; and tlie Tube and Tank process. Patent liti- 
gation w'as begun betw'een the various companies holding patents but 
w‘as settled by agreement, as it became evident that its continuance w’^ould 
only result in a chaos of litigation. Active research has been continued 
by all the competing companies, and cracking processes are continually 
being improved. 

Types of modern refineries. Modern refineries may be divided into 
three geneial t^’^pes: the skimming plant, the complete distillation plant, 
and the cracking plant. In the first type, the gasoline and kerosene 
fractions of thc^ crude oil are distilled or sldramed off, and the remaining 
hca%*y oil is marketed as fuel oil. In the second type, the crude oil is 
distilled down to coke or asphalt, and tlic various fractions distilled off 
after the gasoline and kcioscne are refined to lubricants, greases, and 
other special products. In the cracking plant the fractions between tlic 
kerosene fraction and tar and coke are redi^^tilled under high pressure 
and at high tcmperatuic, sometimes in the presence of a catalyst, to form 
additional gasoline. All varieties of combinations of the three forms 
cxivt The complete distillation plants arc usually large-scale opera- 
tions wlnle the skimming plants are usually designed to supply local 
needs. After the oils are distilled over, they are treated to remove im- 
puntic.^ and in many cases are redistilled. Tiic treatfnent may consist of 
with sulphuric acid solution and then neutralizing the oil wdth 
catKlic soda or of agitation wdth clay of the fuller's earth type and by 
filtration Fhc'^o treatments remove from the oil resinous bodies and 
some im'‘atu rated hvdtocnrbon^ which arc objectionable on the score of 
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color, odor, or tendency to corrode machine parts. Sulphurous oils have 
demanded special treatment with cuprous oxide, as in the Frash process, 
or with liquid sulphur dioxide, as in the Edclneau process. From the 
heavier fractions of oil used for lubrication wax must be extracted. This 
is usually done by chilling the oil and filtering out the wax, which is then 
further treated to a sweating process to make the wax of commerce; or it 
may be done by solvent refining, in which case a solvent for the wax is 
added to the oil, they arc both agitated together, and the wax is carried 
off by the solvent, which is then redistilled and used for repeated ap- 
plications. 

After these processes, special products are made by blending the various 
oils and greases, sometimes with each other and sometimes with soaps 
and animal fats, depending upon the special use to which they are to 
be put. 

Blending gasolines. Gasoline is frequently blended to give it spe- 
cial qualities; for instance, the very light natural gasolines are frequently 
blended with heavier gasolines to give a quick starting product for winter 
use. The studj^ of knocking as it affects the power of gasoline motors 
has also changed the specifications for gasoline. High-compression 
motors are the most efficient users of gasoline, but their tendency to knock 
with ordinary gasolines for a considerable time prevented their exten- 
sive use. 

It has been found, however, that some gasolines from the cracking still 
would operate a motor with less knock than straight-run gasoline, and 
it has also been found that the addition of tetraethyl lead and similar 
products to gasoline will decrease the tendency to knock. A measure of 
antiknocking quality of gasoline is furnished by what is called the 
“octane number,” which has become most important in connection with 
aviation. Aviation engines, with extremely high compression ratios, 
must deliver the maximum amount of power from the smallest weight 
per engine horsepower, and the antiknock gasolines used in these motors 
run up to an octane number of 100. Similarly, the average octane num- 
ber of standard brands of motor fuel has risen from approximately 55 to 
72 within the last few years, enabling the manufacturers of automobiles 
to increase the efficiency of their motors. Competition between brands 
forces a continued improvement in gasoline sold to the public, and all the 
larger oil companies maintain research organizations which continually 
and intensively study this problem. 

Petroleum products. A consideration of a few figures on the main 
products produced by the industry will show the change in demand, which 
has been the most important phenomenon in refineries in recent years. 
(See Tables IX, X, and Figure 5) . 

Figure 5a shows the products manufactured from petroleum and gas 
at the present time. The companies with complete plants usually main- 
tain research departments, which are continually at work improving 
processes of manufacture and the quality of the product sold to the public. 

Besides the products listed in Figure 5a, the exploration for oil has 
resulted in the discovery of large supplies of such minerals as sulphur, 
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Table IX 

CRUDE RUN TO STILLS AND REFINERY OUTPUT 
IN THE UNITED STATES” 

(In Barrels; 000 Omitted) 



1 ig 5. Cnid e nin to ^!^lls and rcrmt>rj' output in tlio United States from 192S to 1939. 
“Source; United States Bureau of Mines. 
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salt, and potassium salts, which are now being produced or developed, 
while the gas helium is extracted from natural gas for use in lighter-than- 
air craft, such as dirigibles. It has been announced recently that a 
satisfactory rubber substitute is now being manufactured from petroleum. 


Marketing 

Domestic trade. The petroleum industry is one of the few in which 
the product, from the raw-material stage to the wholesale marketing of 
the finished article, may be carried out by a single organization. This 
has not always been the case, for the early refiner was rarely a producer 


Tablu XI 

REFINED OIL PRODUCTS OF THE UNITED STATES DOMESTIC 
DEMAND VERSUS EXPORTS FROM 1928 TO 1939 
(in Barrels; 000 Omitted) 


Year 

Domestic Consu77iptw7i 

Gasoline 
(motor fuel) 

Kerosene 

Lubricants 

Gas and 
Fuel Oil 

Total 

Principal 

Refined 

Products 

WBKt 

338,881 

36,235 

23,168 

383,974 

782,258 


382,878 

36,032 

23,609 

415,156 

857,675 

— M 

397,609 

34,736 

21,589 

368,531 

822,465 

1931... . 

407,843 

31,358 

19,924 

334,668 

793,793 

1932. . 

377,791 

33,221 

16,614 

308,157 

735,783 

1933 

380,494 

38,493 

17,152 

323,705 

759,844 

1934 .. 

410,339 

44,234 

18,484 

340,371 

813,428 

1935. 

434,810 

47,645 

19,661 

366,723 

868,839 

1936 

481,606 

51,428 

22,323 

410,641 

965,998 

1937 .... 

519,352 

54,972 

23,323 

442,355 

1,040,002 

1938 ... 

523,003 

56,360 

21,233 

407,320 

1,007,916 

1939. 

552,557 

60,501 

23,613 

462,891 

1,099,562 

Exports 

1928 


22,034 

11,023 

44,427 

130,896 

1929 . .. . 


20,022 

10,860 

39,151 

. 132,092 

1930. . . . 

65,575 

16,884 

9,935 

36,450 

128,844 

1931 .... 

45,716 

12,712 

8,128 

29,231 

95,787 

1932. 

35,438 

11,044 

6,851 

19,994 

73,327 

1933 

29,321 

8,959 

8,218 

20,563 

67,061 

1934 . . 

24,686 

9,781 

7,660 

28,605 

70,732 

1935 

30,613 

6,651 

8,499 

28,948 

74,711 

1936 . . . 

28,646 

6,936 

8,691 

34,883 

79.156 

1937 .. 

38,306 

8,886 

10,975 

45^433 


1938 ... 

50,109 

7,504 

9,417 

47,561 

H4i591 

1939. . . . 

44,559 

8,243 

11,981 

49;511 

114i294 
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and, as a rule, sold his product through established retail outlets for other 
merchandise. With the automobile, however, came a big demand for the 
raw material from which gasoline is made. 

In order to guarantee the supply of his own raw material to meet this 
demand, the refiner was forced into the producing end of the business. 
Once he had an assured supply of crude oil, he then attempted to secure 
for himself equally assured outlets for his product in a fiercely com- 
petitive market. This he accomplished by establishing local bulk sta- 
tions, to which his product moved by tank car or barge. From these 
points, distribution of gasoline and kerosene was made by tank truck or 
wagon to retail outlets, where the products were sold from pumps. 

Wholesale prices of oil products are quoted in the trade journals cur- 
rently. Lubricating oils other than motor oils and greases are usually 
sold either as package goods or in barrels. On the other hand, gas oil, 
fuel oil, and asphalt are sold in bulk to buyers and, quite frequently, di- 
rectly from the refinery. The pressure of production of raw material is 
felt more rapidly in the oil industry than in other industries because of 
its complete integration and the rapid losses by evaporation of its most 
important product, gasoline. Consequently, there has been a tremen- 
dous extension of the retail facilities for marketing petroleum products, 
until they now include 226,000 filling stations, 182,000 other scattered 
outlets, and 26,000 bulk and storage plants, with the result that the public 
can secure at convenient points anywhere in the United States a stand- 
ardized product at competitive prices. 

Export trade. The export market in 1939 took approximately 10 
per cent of the petroleum products produced by the refineries in the 
United States. It will be noted, however, that lubricating oil and kero- 
sene constitute a much greater proportion of the exports than of the 
domestic trade. 

Formerly, a large proportion of the product sold for expoii) was packed 
in cases, but bulk distribution facilities are now installed in all the larger 
markets of the world. The cost of distribution to foreign markets has 
been high, owing mainly to the low density of consumption in foreign 
countries. The per capita consumption of the United States is something 
over 8 barrels of petroleum per annum, while that of China is but %oo 
of a barrel per annum. This vast difference in intensity of consumption 
naturally increases the cost of petroleum products in the export market. 

Operations in this market have been confined to relatively few com- 
panies, because of the specialized personnel necessary to cope with prob- 
lems peculiar to it — such as the handling of customs, foreign exchange, 
duties on special products, and the specialized questions which arise in 
connection with the shipment of such products with marine equipment. 
There is a marked tendency among foreign countries to establish prefer- 
ential duties on crude oil against refined products, so as to force refining 
within the country of destination, and also a tendency to set up petroleum 
monopolies, such as those in Spain, or to insist on special licensing for 
importation, as in France. These arc intended partly as revenue meas- 
ures, partly as protection against shortage in case of war. As a rule, 
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these special forms of regulation have increased the cost of distributing 
oil and in the end are paid for by the ultimate' consumer, either in an 
increase in price or by a lowering of quality. 

Petroleum and its derivitives being prime materials used in war and 
peculiarly susceptible to attack, it is difficult to understand the tendency 
in foreign countries to insist on the establishment of refineries for mili- 
tary purposes, as they are particularly vulnerable to attack from the air. 
It would seem preferable in such cases that the refineries be far removed 
from the centers of military operations, nearer to the sources of crude 
supply. Storage can be concealed underground. 



Fig. 6 Refined oil products of the United States, 192S-1939. domestic demand 
%ersus e\ports. 


Competition. The marketing of refined oils is fiercelj^ competitive. 
In UTiting of the sale of gasoline, S. A. Swensrud^^ states: 

The general level of gasoline price is fundamentally determined by 
the interaction of gasohne demand and crude oil supply. The close 
correspondence of actual gasohne prices and price changes among the 
leading companies is the result of economic necessity. . . . Suppose, 
therefore, that today a certain leading company cuts the price two 
cents, no other representative company could afford not to cut unless 
it were willing to risk losing much of its business. 

As he points out, gasoline prices are posted conspicuously and the 
biij'cr is mobile, so that on any wide spread of price he takes his business 
elsewhere. 

” ‘^Jconomics of Dzstnbution in the Oil Industo’,” in Transactions oj the Amcri- 
cm Society oj Mechanical Engineers^ Petroleum Division (1931), p. 609, 
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Three grades of gasoline are marketed as a rule. They differ mainly 
in their octane rating — ^that is, their ability to operate a high-compression 
motor without knocking. 


Financing the industry 

The investment. It is probable that the investment in the oil in- 
dustry at the present moment exceeds $12,000,000,000 and that the 
number of investors is close to 3,000,000. In general, the industry has 
financed itself by plowing back its own earnings or by sale of common 
stock. Obligations of fixed interest-bearing type, such as bonds, are 
issued by oil companies for funds to be used for the erection of refining 
plants, the building of pipe lines, or the acquisition of tank cars or ships, 
the revenue from which can be calculated with certainty in advance. 
The companies listed on the New York Stock Exchange on April 30, 
1940, showed the following distribution of securities: stocl^, at market 
value, $4,294,000,000; bonds, $631,304,000. In general, the successful 
companies have been able in the past to finance their expansion by the 
sale of additional stock to their stockholders or out of earnings. How- 
ever, because of the imposition of proration in the producing phase of 
the industry in the United States, by which the return on producing 
properties has been spread out over a long period of time, there is a 
tendency at present for oil companies to increase the amount of bond 
financing. 

Government participation in the industry by financing is to be found 
in certain foreign countries, but this usually takes the form of govern- 
ment companies such as the “Yacimientos Petroliferous Fiscales’’ of Ar- 
gentine and the Spanish monopoly. A rather unusual case was that of 
the British Government's participation in the Anglo-Persian Oil Com- 
pany for the purpose of guaranteeing a fuel oil supply for the navy. 

Employees 

It is estimated that there are approximately 1,000,000 employees en- 
gaged in the petroleum industry. The latest figures available covering 
1937 are shown in the accompanying table. It will be noted, of course, ♦ 
that the larger proportion of these employees are concentrated in mar- 
keting. As an industry, outside of the marketing branch, the produc- 
tion, transportation, and refining of petroleum are highly mechanized; 
and the production per man has been increasing continuously, although 
recent figures are not available. On the wage side there has been a 
continuous increase in the weekly earnings. For instance, the average 
weekly earnings in the refining end of the industry rose from $31.73 in 
1923 to $34.91 in 1938, despite the change to the 40-hour week during 
this period. From 1933 to 1938 the average hourly earnings in the re- 
fining branch of the industry rose from 65.1 cents per hour to 97.8 cents 
an hour, and in the production branch from 64.7 cents per hour to 84.5 
cents per hour, while the average earnings in manufacturing industries 
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Table XII 


EMPLOYMENT IN THE PETROLEUM INDUSTRY’ FOR 1937 


Branch of the iTidusiry 

Source of Data 

Average 
Number of 
Employees 

Drilling® and production; 

Estimated from Bureau of 


Salaried employees*' 

8,500 

Mines 1935 Census 

Wage earners*' ... - 

Bureau of Mines 1937 Census 

121,371 

Total for drilling and production 


129,871 

Contract drilling®, total 

Estimate 

16,000 

Natural-gasoline plants: 

Estimated from Bureau of 


Salaned employees 

1,100 

Mines 1935 Census 

Wage earners . . 

Bureau of Mines 1937 Census 

9,429 

Total natural-gasoline employees 


10,529 

Petroleum pipe lines: 



Salaried employees 

Estimated from 1937 ICC Pipe- 

2,666 

Line Report 

Wage earners ■ 

Estimated from 1937 ICC Pipe- 

26,933 

Line Report 

Total pipe-line employees 

! 

29,599 

Marine transport, total 

Estimate i 

12,000 

Refining: 


15,268 

Salaried employees 

1937 Census of Manufactures 

Wage earners 

1937 Census of Manufactures 

83,183 

Total refining employees 


• 98,451 

Marketing^ 



^ Wliolesale, total 

Estimated from 1935 Census of 


Distribution 

124,798 

Retail, service stations 

Estimated from 1935 Census of 


Distribution 

402,804 

Retail, indirect"* 

Estimate 


Total marketing employees . 



Total Petroleum-Industry” Employme 


1,006,052 


■ Company drilling employees arc included in drilling and production figures; contact 
drillcre are cmplojees of independent contrattors, for whom few reliable data are available 
k Wage earners, classified as “w’orkerb*' iu the Bureau of Mines 1937 Census, are behevea 
to include some clerical-field cmploj ees: salaried emplo> ecs arc estimated low to allow for this. 
' Includes proprietors, except for indirect retail cmplojTnent, . 

* This is a rough estimate of the number of wage earners selling petroleum products at the 
182,000 country stores, parking lots, garages, and other nonservace-station outlets for gasoline 
and lub-icatmg oik itslimatod at 1 petroleum worker per outlet. 
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as a whole rose from 46.3 cents an hour to 64.6 cents per hour. It will 
be noted, too, that the oil industry has the highest weekly earning and 
hourly wage rates of any manufacturing industry listed by the United 
States Bureau of Statistics; nor is this all, for the petroleum industry as 
a wdiole is notable for the stability of its employment and also for its 
freedom from important strikes and industrial disturbances. Inside the 
industry real efforts are made by the companies employing labor to im- 
prove the condition of their employees by first-aid training courses, by 
pension and insurance systems, and in some cases by stock allotments, 
although during the depression the latter were found difficult to ad- 
minister satisfactorily. All of this may be summed up as indicating 
that the oil industry as a whole treats its employees as well as those in 
any other single industry. 

Important Legislation Affecting the Industry 

Laws relating to defining oil ownership. The legal systems of the 
world as they treat of petroleum may be divided into two groups: (1) 
those in which the petroleum in the subsoil belongs to the owner of the 
surface; and (2) those in which it is reserved to the government. In 
general, in the United States, the oil has belonged to the owner of the 
surface, but in recent years the Government, in alienating title to lands, 
has in most cases specifically reserved title to the oil that may be below 
such lands. Most of the South American countries belong in the second 
class (with the exception of Columbia, where oil on some lands belongs 
to the owners of the surface) , as do about almost all European countries. 
Early in the history of the American industry, questions arose as to the 
drainage of oil from one man^s land by the wells on the land of another. 
In order to prevent interminable litigation, certain Pennsylvania courts 
held that oil was not the property of an individual until it was reduced 
to possession by being brought to the surface, and compared it to wild 
game. This is the much discussed Law of Capture. As a result of these 
decisions, a Jurisprudence grew up which, in defining the rights of indi- 
viduals, imposed upon the holder of a lease the obligation to drill offset 
wells and thus to protect that lease from drainage of oil by the operations 
of others. These obligations are now firmly entrenched in American law, 
with the result “that an oil pool once opened was usually developed as 
rapidty as possible because of the legal obligations of the various lease- 
holders either to drill offset wells or to forfeit leases, and the oil pro- 
duced was thrown on the market regardless of the demand for it at the 
time. It had not appeared entirely feasible in the past to estimate the 
amount of petroleum under each piece of land or to determine each man’s 
right to that oil, so the court generalization above mentioned might be 
justified. Nevertheless, it set a premium on rapid drilling and has been 
one of the forces compelling overproduction. 

With the enormous increase in operations as a result of the great de- 
mand for oil and the development of new methods for prospecting, it 
became clear that, unless some curb were put upon production, the situa- 
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tion would become chaotic. Oil could be produced in some fields for a 
very few cents a barrel, while in others costs were as high as §1 a barrel 
If the price were allowed to drop to the point where flush oil alone could 
be produced to satisfy the demand, it would have meant the abandon- 
ment of a large proportion of the producing wells in the United States, 
with a corresponding loss of the oil they would have yielded; and wdiile 
this might have led to a temporal*}^ decrease in the price of petroleum 
products, in the end it would have worked toward an increase in the 


average price and a loss of a large amount of reser\’'es, which could onl^’^ 
be produced from wells already drilled. Furthermore, the extremely 
rapid recoveries led to a host of wasteful practices and decreased mate- 
terially the ultimate recovery from oil pools. As this became increas- 
ingly e\ddent, the various states stepped in and developed conseiwation 
laws allocating the production between individuals and fields. These 
laws have two separate and distinct bases; first, a reasonable division of 
the market between the various producers; and, second, the conserva- 
tion of oil in the ground by the regulation of the rate of production to 
increase the amount of oil to be commercially recovered from each field. 
It was found after some experimentation that, by cutting down the pro- 
duction of wells and producing the oil over a period of time, the fields 
would yield greatly increased quantities of oil, and so laws which first 
were enacted to prevent wasteful production methods on the surface 
turned out in the end to have a substantial engineering basis, which leads 
in the direction of the conser\’'ation of our irreplaceable oil resen’^es. 

Laws tending to conserve petroleum. Outside of the proration laws 
briefly outlined above, legislation has been passed in most states to pre- 
vent wasteful methods of petroleum production. These methods pro- 
hibit, for instance, the blovdng of gas into the air; the manufacture of 
carbon black, except under certain specific conditions ; the pollution of 
streams by oil; the maintenance of proper conditions underground by 
the cementing of oil casing; and the repair of faulty casing, which might 
permit the invasion of water into oil sands. 


Pipe-line regulations. The pipe lines are regulated by special laws 
interstate lines, come tmder the jurisdiction of 
the In^rstate Commerce Commission. Pipe-line rates are usually scruti- 
nized by this comniission, and pipe-line companies are, as a rule, obli- 
gated to take oil intended for transportation from any pool ratably 
among producers in that pool. 

Taxation. Table XIII shows an estimate of the taxes paid by the pe- 
troleum industry dunng the years 1936 to 1938. It is to be noted that 
the petroleum industry pays about 11 per cent of the taxes levied in the 
United States, and this does not include taxes paid by owners of oil 
^ecuri les on the^^ income. It is also to be noted that these earnings are 
o i\i en s, vhich, of course, are very much less than the actual earn- 
^ gs s 10 vm. The natural result of this tremendous tax burden is to 
increase le cost of petroleum products to the consumer; and it is inter- 
esting to note that, while the gasoline tax— the largest consumer of taxes 
m this class— in 1920 added only 0.3 per cent to the cost of fuel for 
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tion are too well kno\\Ti to need comment. It would seem, in general, 
that the best interests of any country are served by general oil laws vnth 
rather liberal premiums on the development of oil in the country. Un- 
developed reserves are useless in time of war; they are merely frozen 
assets. 


Important Companies in the Petroleum Industry 

The breakup of the Standard Oil Trust in 1911 resulted in the organi- 
zation of a number of separate companies, which are generally known 
as the Standard Oil group. At the time of dissolution, many of these 
companies were of local significance only, while others were left with un- 
balanced facilities, some with crude-oil production and no refineries and 
some with refineries but no production. Tour of these companies devel- 
oped to international importance; the Standard Oil of New Jersey, the 
Standard Oil of New York (now the Socony-Vacuum), the Standard Oil 
of Indiana, and the Standard Oil of California. The Standard Oil of 
Indiana has confined its activities to the United States outside of the 
Pacific Coast, having sold its interest in the Pan American and Transport 
properties in jMexico and Venezuela to the Standard Oil Company of New 
Jersey. The Standard Oil Company of California entered the interna- 
tional markets by developing production in Bahrein and Arabia, and 
entering into a partnership with The Texas Company for purposes of 
marketing and producing in the Far East. 

The two most important foreign imits, the Royal Dutch Company, with 
large holdings in the Netherlands East Indies, and the Shell Trading and 
Transport Company of London, were combined through a partnership 
agreement to form the Bataafsche Petroleum Maatschappij and the 
Anglo-Saxon Petroleum Company. These companies operate througli- 
out the world. Their American subsidiary is the Shell Union. 

Other important American oil companies. Of the companies outside 
the Standard group, The Texas Company is the only one marketing its 
own brands in all the important world markets. It operates in the 
United States, has interests in Colombia, Bahrein, and Arabia, and is 
actively exploring for oil in other parts of the world. It also is a large 
purchaser of crude oil for refining. The Gulf Oil Corporation is a large 
producer of crude oil in the Central United States and in Venezuela, with 
markets on the Eastern seaboard and in the interior of the United States. 
The Coi^olidated Oil Corporation is a producer in the United States and 
has carried out extensive explorations in foreign countries; it now mar- 
kets throughout the United States. 

Large companies which are locally of great importance are the Union 
Oil Company of California; Phillips Petroleum Company, the largest 
producer of natural gasoline, and Skelly Oil Company in the Mid-Conti- 
nent, and the Continental Oil Company in the Rocky Mountains, Mid- 
Continent, and California. A large foreign corporation of great impor- 
tance is the Anglo-Persian, operating large oil fields in Persia and refining 
and marketing in Europe, the Near East, and India. It is closely aflSli- 
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ated with the Burma Oil Company. These companies are also known 
as the major companies. 


. Organization of a Typical Oil Company 

The large integrated oil company is usually organized on the line and 
'staff basis, as is shown on the accompanying diagram (Figure 7). The 
operating head is usually the president and the various important depart- 
ments of the company, which cover producing, refining, transporting, and 
marketing activities, are headed by vice presidents. Financial matters, 
as far as general accounting is concerned, are usually handled by a 
comptroller, while the treasurer handles banking matters, collections, and 
credits. In some companies the president is aided in his control of opera- 
tions by a budgeting office, which forecasts receipts and expenditures, 
and determines the rate at which plant and equipment shall be run. In 
the operation of large companies, this is a complicated and technical 
matter, requiring the best brains available. Another important activity 
that may come directly under the president's supendsion is a research 
department, whicli keeps tlie corporation in touch with the various de- 
velopments and phases of the industry, and which experiments with vari- 
ous technical processes looking toward improvement in plant and 
operating technique. 

Future of the Petroleum industry 

The most pressing problem that faced the oil industiy in the last decade 
was the adjustment of production to demand As stated under the sec- 
tion on legislation, the basic law on petroleum in the United States prac- 
tically compelled the rapid development of new fields as they were dis- 
covered. Once this development took place, the oil was produced as 
rapidly as possible from each lease to prevent the w'ells on the neighbor- 
ing lease from draining the property. As a result of development of the 
technique of oil finding, the speed of discovery was immensely increased, 
until in recent years the supply brought to the surface has exceeded the 
demand and oil, though relatively a perishable commodity, has been 
stored m large quantities. Sporadic efforts to reduce production failed 
to accomplish any tangible result, because of the lack of coordination 
between the various producing regions. This difficulty now seems to 
have been remedied by legislation in some of the important producing 
states, and there seems to be a reasonable probability that production 
will be kept closely in line with demand. Overproduction had disastrous 
results on the efficiency of the industry in that it promoted wasteful prac- 
tices. 

The question of waste due to ovei production would not have been so 
serious were it not for the grave doubts concerning the adequacy of the 
supply of crude oil in the United States. While it is true that theie is an 
abundance of oil at present, even the most optimistic estimates do not 
predict a supply of oil from wells now drilled which will be adequate for 
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national uses for more than a score of years; and such estimates do not, 
ns a rule, include large amounts of oil which must be produced by rela- 
tively cosily methods and wliich cannot be gold at the average price that 
has obtained during the last 10 years. There are probably still vast 
undiscovered supplies. It is also to be noted, however, that tlicre are 
possibilities that oil may be extracted from shale and coal, and that these 
depoiiits may be used to eke out petroleum supplies for a long time. If, 
however, any large part of our supplies came from such sources, it would 
involve the creation of a mining industry and would draw even more 
heavily on the man-power of the nation than the coal industiy docs at 
present, besides resulting in a much liigher price for petroleum products 
From even*’' rational viewpoint, there is no doubt that the industr}^ should, 
by wise use and efficient methods of production and handling, conserve as 
much oil as possible for the future, both to preserve an essential raw ma- 
leriul for the nation and to preserve and extend its onm life. 

A question that may well be raised for the industry in the future is the 
possibility of a change from gasoline as its most important product to 
some other product, such as has taken place in tlic last 30 years in the 
change from kerosene to gasoline. If such a change is in the offing, it is 
not perceptible at present, and we can look forward to flic continued 
supply of motor fuel as one of the industry's principal functions. It is 
probal)le, liowcvcr, that the introduction of catalytic cracking and h3’’dro- 
genation methods has opened the door to a new chemical phase of devel- 
opment, in which the list of products developed by the" larger refiners will 
multiply and the larger units will become primarily great chemical fac- 
tories producing many new products. 

One of the most reassuring factors in the future of the industiy is the 
continued increase in demand. A great deal has been written about the 
saturation point for automobiles in the United States, and it would ap- 
pear that, with a ratio of automobiles to population of close to 1 to 5, 
that point will soon be reached, and that the growth in automobile regis- 
trations in the future will run more nearly parallel to the grondh in 
population. This means a slowing down in the increase of consumption 
of gasoline. However, the possibilities of aviation as a source of con- 
sumption are only beginning to be realized, and it is probable that this 
will make a market for large additional quantities of gasoline. 

It IS to be remarked that an automobile is something which almost 
every man craves, as it gives him the ability to get from place to place 
independently in the shortest possible time, and while the ratio of auto- 
mobiles to population is high in the United States, it is relative!}’' low at 
the present time in every other country in the world. This condition is 
due in part to standards of living in foreign countries, which are lower 
than in the United States, and in part to the lack of roads on which au- 
tomobiles can run. Possibilities for the increase of oil consumption in 
foreign countries is therefore very great. In this connection, it might be 
remarked tliat one of the tendencies of the future will undoubtedly be 
for the United States to produce a smaller proportion of the total pro- 
duction of the world than it has in the past and, as time goes on, for other 
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nations — ^particularly such producing countries as Russia, Persia, Iraq, 
Arabia, Colombia, Venezuela, Argentine, and. the Netherlands East Indies 
■ — ^to produce a larger and larger proportion of the world^s petroleum. 
This does not necessarily mean that the amount of oil produced in the 
United States will lessen, and we can still look for an increase in con- 
sumption and production to continue here; but it does mean that the 
increase in consumption hy other countries will be supplied from foreign 
sources. We may well look forts^ard, therefore, to a continuation of the 
rapid growiih of the industry. 



16 

The Coal industry 


Early History of Coal 

Origin. Whether we adhere to the peat-bog theory or the drift theory 
of the geological formation of coal; we take the profuse vegetation of the 
Carboniferous Age as its genesis. The vast duration of this epoch is 
evidenced by the presence of more than 100 coal seams, one above an- 
other, in certain areas, each representing thousands of years of forest 
growth. In the intervening strata, usually of sandstone or shale, are 
found a wide diversity of vegetable and animal fossils. 

Discoveries. The earliest mention of coal occurs in the Proverbs of 
Solomon: “As coals are to burning coals, and wood to fire, so is a con- 
tentious man to kindle strife.”^ Probably King Solomon, with his wide 
knowledge of minerals, was familiar with the bituminous-coal deposits of 
Syria, then a part of his kingdom. 

The first authentic use of coal was by the soldiers of Hadrian (76 to 
138 A. D.), Emperor of Rome, who visited Britain about 119 a. n. He 
caused a wall to be built, 70 miles in length, to secure the Roman prov- 
inces from incursions by the Caledonians; and near Manchester, England, 
coal cinders have been found in the ruins of this wall, as well as shallow 
pits from which the coal was taken. 

About 1238, a colliery was opened at Newcastle, England. “Sea coale“ 
was gathered along the outcrops, ^and the product was burned in open 
braziers with much smoke and soot. As late as 1600, two small vessel 
loads supplied the entire demand of London; and in 1665, following the 
plague, Charles II forbade the use of coal, under penalty of hanging or 
imprisonment, in the belief that its smoke was injurious. 

Late in the thirteenth century, Marco Polo described the coal found in 
the province of Cathay in China and commented:^ 

There is a kind of black’ stone which is dug out of the mountains like 
any other kind of stone and burns like wood. These stones make no 
flame, except a little at the beginning when they are lit, like charcoal, 


^Proverbs 26:21. 

*Benedette, L. F., The Travels of Marco Polo (New York: Viking Press, 1931), 

p. 160 . 


367 




368 


THE COAL INDUSTRY 


and by merely remaining red hot they give out great heat. . . - Hence 
they make great use of those stones not only because they are cheaper, 
but because in this way they can save much wood. 

Dr. Ashley, State Geologist of Pennsylvania, says that yevy probably the 
coal beds at Fushun, ^Manchuria, were operated as early as 1100 b. g. to 
furnish coal for copper smelting. 

Not until the middle of the eighteenth century were the Welsh coal 
fields opened, wooden rails installed to facilitate underground haulage, 
and the early prejudices against coal overcome The invention of the 
steam engine by Watt in 1765, the development of the iron industry", and 
the invention of the puddling forge in 1784 constitute the basic factors in 
the gi’ovlh of the coal industry’' in the Old World. 

In 1679, Father Hennepin, a Franciscan friar and a member of an ex- 
ploring party under Robert Cavalier, was canoeing down the Illinois 
River, hoping to reach the J^Iississippi. At a point near what is now the 
city of Ottawa, Illinois, he noted a black ledge, which he marked on his 
map as a ^^Cole Mine.'^ 

The American Indians, at an uncertain date, had learned the value of 
“stone coal,’^ now knovm as anthracite,* and in 1766, a committee of six 
Indians made complaint to the governor of Pennsylvania that a certain 
John Anderson had been stealing “fire stones” from their pits. As a re- 
sult, a survey’ was made in the Wyoming Valley, and these pits were 
marked on the map as “stone coal.” About the same time, a report was 
made by Joseph Tilghman to William Penn of an easily accessible bed of 
coal. In spite of these discoveries, coal was not widely used. In 1776, 
however, a consignment of anthracite coal was teamed to the Revolution- 
ary army, stationed at Carlisle, Pennsjdvania. 

The first use of coal for metallurgical puiposes occurred in 1778, when 
anthracite was used in making nails by Judge Jesse Fell of Wilkes-Barre. 

In 1791, a hxmter named Philip Ginter discovered an outcrop of anthra- 
cite coal at Summit Hill, near jMauch Chunk, Pennsylvania. The follow- 
ing year the Lehigh Coal Mine Company was formed. This firm was 
succeeded by the Lehigh Coal and Navigation Company, the oldest coal 
company in America, and still in operation. 

Early distribution and transportation. For many years, the pro- 
ducers had great diflScuIty in selling their product. Colonel Shoemaker, 
of Pottsville, hauled nine wagons of anthracite coal to Philadelphia, where 
he ultimatel}^ succeeded in selling two loads and gave away the remaining 
'seven. The two that were sold were purchased by a wire-works plant, 
whose workmen, after trying for a day and a night to make the coal burn, 
walked away in disgust, leaving the furnace door open. Left to itself, the 
fire box reddened; and when the workmen returned, the whole furnace 
was aglow. 

As a market developed for the new fuel, it was first transported by 
wagons and then by boats constructed from timber taken on the property, 
and sold after unloading. In 1817, a mill\\Tight named Josiah White 
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conceived the idea of wing dams and ^^bear traps/^ by which the boats 
could be more safely floated. He then built a gravity plane known as 
the “switchback*^ between the mines and the river. 

In 1820, total shipments amounted to 365 tons. In 1825, the demand 
for anthracite coal reached 28,000 tons per year, and the timber require- 
ments for building boats denuded 400 acres per year. In 1829, the Lehigh 
Canal was completed to Mauch Chunk; and in 1838, it was extended to 
White Haven, from which point a railroad connected the Lehigh Canal 
with the Pennsylvania State Canal, on the Susquehanna River. Thus the 
return of boats was provided for, many wrecks were avoided, and the first 
transportation system for the movement of coal both East and West was 
established. 

The cost of transportation on the railroad section was 4 cents per ton- 
mile, as against 1 cent per ton-mile on the canal. In 1863, the coal com- 
pany was authorized to abandon the canal above Mauch Chunk and to 
extend its railroad to the mouth of the Lehigh River, where rail connec- 
tion to New York City was available. 

This action marks an epoch in transportation history, the point where 
railroads were substituted for canals in freight haulage. Although since 
that time the cost of railroad transportation has decreased to approxi- 
mately one tenth the original cost, the cost of canal transportation has 
remained approximately the same. 

Growth of the bituminous-coal industry. We have traced briefly the 
growth of anthracite coal and must now turn our attention to the history 
of bituminous coal. After Father Hennepin^s discovery, in 1679, the next 
historic record in bituminous coal falls in 1750, when a boy hunting craw- 
fish on the James River bank above Richmond, Virginia, came across a 
black outcrop that reminded him of coal he had seen unloaded from Eng- 
lish ships. 

Before the close of the year, the first soft-coal mine in America was in 
operation in the “Richmond Basin.** Ultimately six great districts were 
opened up in the United States, and today more bituminous coal is mined 
per hour than was brought over from England by all the vessels of 
colonial days. 

In 1853, coal from the Deep River field of North Carolina was shipped 
by boat to Green Point, Long Island (now a part of Greater New York), 
and was used for the manufacture of illuminating gas, at the first com- 
mercial plant for this purpose in the United States, 

Bituminous- coal production became of official record in 1821, when 
1,322 tons were produced. This figure grew, in the century following, to 
approximately 400,000,000 tons The output of bituminous coal in 1939 
was 393,065,000 tons, an increase of 13 per cent over 1938 The coal 
industry made substantial gains, in common wdth general business ac- 
tivity, during the latter half of 1939, and the total output for the year was 
27 per cent above the record low of 1932, although 27 per cent below the 
534,989,000 tons of 1929. 
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Types of Coal 

Coal may be divided into the following general classifications: peat, 
lignite, cannel, bituminous, anthracite, and graphite. 

These classifications merge into one another and thus form subgrades, 
such as semibitummous, semianthracite, and so forth. Since 1927, con- 
certed effort has been applied by a Sectional Committee on the Classi- 
fication of Coal, spontoied b}" the American Society for Testing Materials, 
and embracing 23 national associations, scientific societies, and Govern- 
ment bureaus, m an effort to “develop a plan for the classification of 
coals based upon such chemical and physical characteristics as would 
make the plan most readilj^ adaptable to industrial and commercial use 
on a national scale.” 

Representatives of producers, consumers, and the general public were 
included m the group, and subcommittees on use classification, scientific 
classification, marketing practice, and nomenclature were created. This 
work IS m progress, and will ultimately afford a definite and acceptable 
standard. 

For the present, however, we shall continue to use the "current classi- 
fication employed by Bayley and others. 

Peat. Peat occurs in bogs, or sphagnous moss, consisting of living 
plants, dead partially carbonized plants, and a brown jellylike mass from 
80 to 90 per cent water. It owes its preserv^ation to the presence of 
humic acid. 

Lignite. Lignite, or browm coal, is partially carbonized wood, jointed 
but friable, occurring in true beds like coal but of a much later geological 
age. 

Cannel. Cannel coal is a compact, noncoking bituminous coal, with a 
dull luster. It does not soil the fingers in handling, lights easily, and 
bums with a clear, bright flame. It is used for open-grate fires and in the 
manufacture of gas. 

Bituminous. Bituminous coal is black and lustrous, and shows woody 
structure under the microscope. It shatters into irregular lumps and 
may be either coking or noncoking. 

The decomposed gelatinous constituents of a coal determine its coking 
quality, which is usually computed by its hydrogen-oxj^gen ratio, esti- 
mated on a moisture-free basis, in relation to its fixed carbon percentage. 
Bayley says: 

H 

When — > 59, the coal is usually coking, provided it contains no 

more than 79 per cent of fixed carbon in pure coal. Coals containing 
over 79 per cent of fixed carbon are coking only when the ratio between 
the volatile carbon and the fixed carbon is greater than one-tenth, 
though they may give good results in by-product ovens. 

Anthracite. Anthracite coal is hard, bright, and brittle, low in volatile 
matter, and conchoidal in fracture. It is so hard that it may be turned 
in lathes, and vases and other ornaments can be made of it. 
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Graphite. Graphite is a soft carbon of little commercial significance. 
It is not in ordinary circumstances combustible. It is, however, really a 
metamorphosed coal, the result of alterations probably originating in 
magmatic cooling. Graphite occurs in the older crj^stalline rocks, such 
as gneiss and schist. A large deposit of this kind is found in Rhode 
Island. 

Coal Fields 

Peat is produced commerciallv in the States of California, Connecti- 
cut, Florida, Georgia, Illinois, Indiana, Maine, Massachusetts, Micmgan, 
Minnesota, Kew Hampshire, New Jersev, New York, Norrli Carolina, and 
Pennsylvania; and peat beds are intermittently worked in Oregon, Wash- 
ington, Wisconsin, Iowa, Ohio, and Virginia. Potential deposits are 
found in Vermont, Delaware, South Carolina, and Texas. Peat is oc- 
casionally imported from Canada, Germany, and Holland, 

Lignite occurs in vast deposits in the states west of the Mississippi 
River, notably in North Dakota, Montana, Wyoming, Colorado, and 
Texas. There are also active operations in Louisiana and high-grade 
deposits in Mississippi.' Some of ‘those approach subbituminous coal. 
Although the lignites underlie many thousands of square miles, their 
development and utilization has been slow because of sparse settlement 
and lack of industries in those areas, and also because of the availability 
of higher-grade fuels at reasonable costs. 

Cannel coal occurs in Alabama, Arkansas, Illinois, Indiana, Iowa, Ken- 
tucky, Michigan, Missouri, Pennsylvania, Ohio, Texas, Utah, and West 
Virginia. In many of these states, the deposits are in the form of a small 
basin, and are operated for local domestic supply. The principal pro- 
ducing states are Pennsylvania, Kentucky, Ohio, West Virginia, Missouri, 
and Texas. The largest known reserves are in Kentucky and Texas. 
Production figures arc usually included with those of bituminous coal. 

The bituminous-coal fields of the United States, after a conference of 
geologists and the United States Geological Suiwey, have been arbitrarily 
divided into six major regions, as follows: 

(1) The Eastern province, which includes all the bituminous areas of 
the Appalachian region, the Richmond Basin, and the Deep River and 
Don River fields of North Carolina. 

(2) The Gulf province, which also includes the lignite fields mentioned 
above. 

(3) The Interior province, which includes the Mississippi Valley and 
"the coal Reserves of Michigan. This is often commercially subdivided 
into northern, eastern, western, and southwestern regions. 

(4) The Northern, or Great Plains province, which, in addition to the 
lignites previously mentioned, includes the bituminous fields of eastern 
Wyoming and eastern Montana. 

(5) The Rocky Mountain province, which includes the coal fields of 
Utah, Colorado, and New Mexico, western Wyoming, and western Mon- 
tana. 
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(6) The Pacific Coast province, which includes California, Oregon, and 
Washington. 

Anthracite coal occurs principally in an area of 496 square nailes, in 9 
counties of Pennsylvania. Of these 9 counties, 5 — ^Lackawanna, Luzerne, 
Schuylkill, Northumberland, and Carbon — ^j^roduce 96 per cent of the 
total output. The 4 less important producing counties are Susquehanna, 
Dauphin, Columbia, and Sullivan. 

The only other known deposits of economic value in the United States 
are in Colorado, New Mexico, and Arkansas. Operations in these states, 
however, only produce about 100,000 tons annually. 

The Merrimac or “valley^^ coal of Virginia, frequently referred to as 
anthracite, is in reality a good grade of semianthracitc and is the only 
substitute east of Arkansas for Pennsylvania anthracite. The product is 
similar to Lykens Valley coal from Pennsylvania. 

Tonnage reserves. In 1918, the United States Geological Survey esti- 
' mated the total quantity of good peat in the United States to be: 


Region Tons of Coal 

Northern 11,053,000,000 

Atlantic coastal 2,701,000,000 

Other 72,000,000 


13,826,000,000 

Later, at an International Coal Conference, Dr. M. R. Campbell, of 
the United States Geological Survey, presented the following data on 
United States coal reserves and depletion: 


Number of Tons 

Lignite and subbitummous 1,935,665,000,000 

Bituminous and semibituminous. . . . 1,486,464,000,000 
Anthracite and semianthracite 22,423,000,000 


Grand Total 3,444,552,000,000 

Total production including 1925 16,819,181,148 

Estimated loss in mining 8,409,000,000 


Total Exhaustion 25,228,181,148 

Original tonnage 3,444,552,000,000 

Produced and lost 25,228,181,148 


Reserves, January 1, 1926 3,419,323,818,852 


With reference to world reserves, Dr, Thom, of Princeton University, 
estimates this present reserve to be in the relation showm in Table I. 

Reference to Figures 2 and 3 graphically portrays both anthracite- 
and bituminous-coal production in the United States from 1820 to the 
present time. 


Mining 

Anthracite mining. Anthracite is now produced from three sources: 
mines, old culm banks, and rivers that drain the* anthracite regions. The 
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Table I 


WORLD COAL RESERVE BY COUNTRIES 


Country 

Lignite 

and 

LavyRanh 

Bituminous 

Coals 

GaSy Coking, 
and 

High-Rank 

Bituminous 

Coals 

Anthracite 

Coal 

Total 

of An 
Grades 

United States . . 

53% 

29% 

4% 

45% 

Canada 

20 

10 

1 

18 

Europe . . .... 

7 

29 

9 

11 

Africa 

3 

3 

2 

3 

Asia . 

14 

22 

84 

20 

Oceania and Australia 

2 1 

6 

.2 

2 

Me-xico, Central, and South 
America . 

1 

.3 

.2 

1 


100% 

100% 

100% 

100% 


majority of the anthracite beds are folded, or steeply pitched and fre- 
quently faulted. The usual metliod of mining is to sink a shaft at the 
lowest point of the strata, so that a sump, or drainage pit at the bottom, 
may collect the water for pumping. 
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Headings, like tunnels, are driven out horizontally, at various levels 
from the shaft, cutting across the inclined coal seams; and the coal is then 
removed as the breasts, stopes, or rooms are driven upward from the 
heading. The coal, sliding dovTi through chutes, is loaded into pit cars, 
hauled to the shaft, hoisted to the surface, passed through the breaker — 
where it is broken and cleaned by a dry-picking, washing, or some other 
process — sized, and loaded on railroad cars. 

The percentages of recovery are now so much larger than they were 40 
years ago that, notwithstanding increased annual production, the life of 
the region is still estimated to be about 100 years. 

Forty years ago only 40 per cent of the coal in the ground was re- 
covered. It is now estimated that from 65 per cent to 75 per cent of the 
coal in the ground, and a great deal of that formerly left through in- 
eflScient mining operations, is being recovered. In fact, one mine that 
was ^^abandoned^^ 50 years ago has produced more coal since its operation 
was resumed than it did before. 

The Susquehanna River and its branches, having flowed past the an- 
thracite workings since their inception, have carried many millions of 
tons of fine anthracite coal down the valley, and have deposited it in 
riffles and bars. It is estimated that, in recent years, nearly 1,000,000 
tons annually are recovered by dredging. In 1939, dredging operations 
in the Lehigh River produced 62,134 net tons; in the Schuylkill River, 
67,539 net tons; and in the Susquehanna River, 574,187 net tons — a total 
of 703,860 net tons, at a value of $746,000. 

Certain of the anthracite properties are also operated by stripping the 
overburden, vnih steam shovels or drag-line scrapers, and removing the 
exposed coal by open-cut methods. Over 2,000,000 tons per year are thus 
produced. 

Illicit coal A survey by the Pennsylvania Department of Mines 
shows that, in the latter part of 1939, 2,500 illicit or “bootleg” holes were 
in operation in the Pennsylvania anthracite region, employing 9,000 men. 

The estimated illicit production of coal in the region in 1939 was be- 
tween 3,500,000 and 4,000,000 tons, or about 8 per cent of the total an- 
thracite output. 

Volume and value. In 1939, the total value of anthracitic production 
at the source was §187,175,000, and the gross revenue accruing to rail- 
roads was §102,180,268. This production was 51,487,000 tons, or a gain 
of 12 per cent over 1938. 

Mechamcal loading. The percentage of total deep -mined production 
of anthracite loaded mechanically continued to increase. In 1939, the 
11,773,833 tons so loaded were 27.7 per cent of the total underground 
output, as compared with 26.6 per cent (10,151,669 tons) in 1938 and 
25.1 per cent (10,683,837 tons) in 1937. The total tonnage loaded me- 
chanically underground increased 16 per cent from 1938 to 1939; hand 
loading advanced 10 per cent. 

Bituminous mining. ^ Bituminous coal ordinarily lies more nearly 
horizontal than anthracite, although pitching seams, when encountered, 
are mined in the same way as anthracite. 
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Bituminous coal may be mined either by slope, drift, or shaft; and, 
when opened up, the development may be: 

(1) By the “room-and-pillar” method, in which solid blocks of coal are 
left to support the surface until the extreme boundaries of the property 
are reached, when they are drawn, by the process called ^'robbing,” in 
systematic fashion back toward the shaft or mouth of the entry. 

(2) By the ^'long-walk' method, either advancing or retreating, in 
which the coal is mined along a continuous face, either in constantly 
widening circles around the shaft or by driving a circumferential face like 
the rim of a wheel, with haulways like the spokes, converging at the shaft 
in the center. In long-wall mining the roof is supported along the spoke- 
like haulways by timber cribs filled with ''gob,” or rock. The segments 
between are allowed to cave. 

In both methods, the idea is so to prosecute and maintain the work as 
to utilize the weight of the overlying strata, called "roof pressure,” in 
breaking down the coal with a minimum of explosives, and at the same 
time to avoid falls of roof rock over uncontrolled areas. 

The coal is conveyed or hauled to the head of the shaft or mouth of 
the entry, where it passes over a tipple and is cleaned, sized, and loaded 
on railway cars. 

In southern Illinois, western Kentucky, the tristate area of Missouri- 
Kansas-Oklahoma, and in the Rocky Mountain and Great Plains regions, 
there has, of late years, been developed a substantial tonnage of coal 
removed by stripping, or open-cutting. This tonnage now amounts to 
about 20,000,000 tons per year. 

The advantages of stripping coal are its almost complete extraction, 
the fewer men required, and the decrease in danger to the men. The 
process suffers, however, from bad weather and the necessity for absolute 
removal of all overburden that would otherwise increase the ash content. 
Strip coal also tends toward higher moisture content, owing to its prox- 
imity to the surface. 

The particular method of underground working is determined by the 
position, thickness, and nature of the coal seam. "RTiere the area has 
been squeezed or faulted, or where "cut-outs” or "horsebacks” occur, 
special methods may be necessary. If bands of iron pyrites, often called 
"sulphur balls,” are abundant, they not only deteriorate the coal but are 
of themselves serious handicaps to cutting or shearing. Sedimentary 
bands or "partings” of slate or clay sometimes occur and must ordinarily 
be removed to maintain the necessary purity or low ash content of the 
coal. It is when these partings occur in thin laminations, breaking with 
the coal and adhering to it, that most difficulty is encountered in their 
removal. 

In early days, when more than 60 per cent of the coal was left in the 
ground and when slack (or fine) coal was wasted, coal was shot "on the 
solid.” This practice not only broke up the coal with an excess of fines 
but shattered the roof rock, making it dangerous to operate under, and 
caused the removal of many tons of rock that undercutting and careful 
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shooting 'W'ould have left intact. Also, becanse of many “blown-out” 
shots, this method was considered highly dangerous, and it is now for- 
bidden by law in most states. 

As mechanical methods of mining were evolved, machine picks, or 
“punchers,^' operated by compressed air, were used to undercut the coal. 
Since the cuttings were thus removed, a smaller amount of explosives was 
necessary to bring down the face of coal, which fell into a pile of large 
lumps. 

The increasing use of electricity and the ease of its application led to 
chain machines, by which an endless chain of cutting bits, operating 
around a projecting “cutter bar,” may be used either for a horizontal 
undercut, for vertical shearing, or for cutting out an inter\^cning band oi 
parting. The fine cuttings are colloquially known as “bug dust.” When 
the cut has been made in clear coal, this dust is loaded out and included 
in the slack or fine coal. WTien it is made in rock, it is shoveled aside 
into the “gob,” or Tvaste. 

Wherever possible, this w^aste of partings, roof rock, or stone dust is 
packed away underground to avoid the cost of hauling it to the outside 
and dumping. But where the sulphur content or nature of the coal is 
such as to cause heating by spontaneous combustion, or mine fires, it must 
be expeditiously hauled out and deposited aw^ay from the outcrop. This 
waste is knowm as the “gob pile,” and may frequently be seen smoking 
and smouldering for many years. 

Mechanization. The latest development is in mechanizing the loading 
process. Mechanical loaders and scrapers put the coal into mine cars 
without hand labor. Conveyors of various types and lengths reduce die 
labor of hand shoveling and serve the further purpose of eliminating the 
gathering process by delivering the coal into trips of mine cars. The 
adaptation of machinery to the loading has completed the mechanization 
of all mining operations, from the solid face to the railroad cars on the 
surface. 

Mechanized loading of coal increased, within 10 years, from 2,000.000 
tons per year to 50,000,000 tons in 1930. This represented an increase of 
approximately 50 per cent a year, until at the present time more than 10 
per cent of the entire bituminous-coal production of the country is fiom 
completely mechanized operations. In Illinois 70 per cent, in iMontana 
over 60 per cent, and in Wjmming over 50 per cent of the output is loaded 
mechanically. 

The underground production cut by machines during the 3^ear 1938 
amounted to 87.5 per cent of the total output. 

Lfignite mining. Lignite is mined in the same manner as bituminous 
coal. Because of its weaker structure, more timbering is necessary", and 
the workings are usually'* driven narrower. Moreover, being a “jmunger” 
coal, the overlying strata are frequently less rigid, although some lignites 
are sufficiently^ mature to be mined on the same scale of operations ns 
bituminous coal. 

The Bureau of Mines reported that there v'ere 212 active lignite mines 
in the United States in 1938. These mines employed 2,019 men and pro- 
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ducccl 2,997,921 net tons of lignite. These figures do not include the 
smaller mines producing less than 1,000 tons annually, nor the small 
quantities of subbituminous coal some times kno^Yn as “black lignite.” 

Producing peat. Peat is plowed or thronm up into windrows so it can 
drain and air-dry. After this process, it is used in its fibrous state or 
compressed. Its value for fuel is limited to those areas far removed from 
coal or wood. 

The total production of peat in the United States in 1939, as reported 
by producers to the Bureau of Mines, was 55,438 short tons, valued at 
$362,066. 

Haulage. Haulage in small mines is still efifected by small-bodied 
mules. A few still use rope haulage, either the “endless” or “tail” sys- 
tem; but all the large mines use electric locomotives. In some cases, 
small units with an electric cable, fed out from and gathered on a reel at 
the back end of the locomotive, go up into the working places and pull 
out the loaded cars to the main haulway, pushing empty cars to be loaded 
back into the headings, or faces. Some mines use storage-battery loco- 
motives for this gathering sendee. Still others use mules for gathering 
the cars and hauling them to the “lieway” or central assembling point, 
where the heavy motors haul them in trains to the tipple or to the foot of 
the shaft for hoisting. 

Power. Coal mines are now using annually about 2,500,000,000 k.w.h. 
In 1920, approximately three fourths of the total power consumed in 
mining was produced at the mine. In 1930, the situation was reversed, 
and three fourths of the power used came from public-utility sources. 
This change was brought about by the fact that, as power requirements 
grew, necessaiy water for condensation was lacking at many mines. 
With a 72 per cent boiler efficiency, 1 pound of steam requires 109 pounds 
of water, at 70 degrees F., and 1 ton of coal at 15,000 B.T.U. will make 
18,000 pounds of steam. Thus we see that, to utilize 1 ton of coal prop- 
orly, would require from 900 to 1,000 tons of water for condensation pur- 
poses. Plant efficiency at large central producing units has also brought 
the coal consumption to approximately three fourths of 1 pound of coal 
per k w h. 

Drainage. Drainage, wherever possible, is effected by gravity — ^in 
drift mines, by opening the mine at the lowest point in the outcrop; in 
slope and shaft mines, by collecting the drainage water in a “sump” and 
removing it by siphons or pumps. 

Ventilation. Ventilation is maintained by fans, either exhaust or 
force type, the uniform distribution of air being accomplished by brat- 
tices, regulators, over- and undercasts, and trapdoors. It is an estab- 
lished rule that fresh air must reach the workmen by the most direct 
route, carrying accumulated gases and smoke away from them to the 
second outlet. In most states, 100 cubic feet of air per man per minute 
and 200 to 300 cubic feet of air per mule per minute are required. Many 
states also require reversible fans, so that, in the event of an accident, 
the air current may be thrown directly to other parts of the mine. This 
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also permits temporarj^ reversal of the warm air from inside to melt ac- 
cumulated ice around the shaft in winter time. 

It is of passing interest to note that, although air weighs only 8/100 of 
a pound per cubic foot, the average coal mine exhausts more tons of air 
per day through its workings than it extracts tons of coal, and certain 
large anthracite collieries pump 16 tons of water for eveiy ton of coal 
raised to the surface. 

Size of coal beds. The largest coal mine in the world is the New 
Orient operation in Illinois, which is a shaft mine having a rated capacity 
of 5,500,000 tons per year. Among the thick beds of coal in the world 
are the ilammoth anthracite bed, which is over 100 feet thick, and the 
Roland bed in AYyoming, which is locally 98 feet thick and at least 40 
feet thick over many square miles. Dr. Ashley states that, under e.xcep- 
tional conditions, coals as thin as 6 to 8 inches have been mined, and a 
considerable production is yielded b}" seams 12 to 24 inches in thickness. 
Because of the cost of production, however, at the present time scams less 
than 36 inches thick arc rarelj^ operated. 

The average depth of United States bituminous mines is 262 feet. The 
average distance of the working face from the shaft is half a mile. 

Coal consumption. The late John Hays Hammond obser^’ed that, in 
the 100 years from Waterloo to the Marne, the white population of the 
world increased threefold, while the use of coal and oil increased 75-fold. 

In 1821, the total production of coal was 1,322 tons; in 1840, it was 

2.000. 000 tons, or .12 of a ton per unit of population; in 1860, it was 

14.000. 000 tons, or .46 of a ton per unit of population ; in 1880, it was 

71.000. 000 tons, or 1.42 tons per unit of population; in 1900, it was 270,- 
000,000 tons, or 3.53 tons per unit of population; in 1920, it was 608,000,- 
000 tons, or 6.24 tons per unit of population; and in 1939, it was 444,552,- 
000 tons, or 3.40 tons per unit of population. 

By-Products 

The many and varied by-products of the coal family are shown in 
Table H. 

Over 220 direct by-products are shown here. The majority of them 
are derived from tar, which, together with gas, gas liquor, and coke, are 
the prime substances recovered. In general, it may be said that the by- 
products of c^oal 5 ueld valuable contributions to chemistry, d 3 ’’es tuffs, and 
medicine. Nitrated coal is a new material for paints and varnishes. 

Cannel coal is used for enriching coal gas and, in the days before the 
development of the petroleum industrj^, was a source of oil. 

Lignite jields similar combinations. It is also used in its powdered 
s a e 0 pre&en^e eggs, as a mixture in the filtration of cane juice, as a 
decolorizer and an in^edient of hollow tiles, affording porosity after 
^ urmng. Umen carbonized lignite is purified wdth hydrochloric acid, it 
IS a comperitor of vegetable carbons in sugar manufacture; and after the 
addition of dilute ammonia, it becomes highly gas-adsorbent, retaining 
14o volumes of chlorine gas. Hence, as a catalyzer, it is of great value in 
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CHART OF COAL PRODUCTS 
{The Koppere Comiruction Co.-^Piitshurgh, Pa,) 
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CHART OF COAL PRODUCTS {('oniinual) 
{Tkc Kopjtcrs Cow'rudion Co.~Vtltfihurghi Pa.) 
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CHART OF COAL PRODUCTS (Conlinucd) 
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the production of chrbon tetrachloride, used in chemical warfare. It is 
also a base of oMontan wax, extracted by the use of benzol and other 
solvents, entering into phonograph records, adhesive greases, stove polish, 
and insulating and sizing materials; and for cable covering, roofing ma- 
terials, and impregnating woven belts. 

The United States Bureau of IMincs has done a great deal of research 
in gas extraction and carbonization of lignites, and the reader is referred 
to Bulletin 2Bo for full details of this potential development. 

Peat is largely used as a fertilizer filler and as an adsorbent for un- 
crystnllizcd residues of beet and cane sugar in the manufacture of stock 
feed. North Carolina peat, whicli is high in carbon and volatile matter, 
has been used for the production of tar, wood alcohol, and ammonia 
compounds. Peat is also used as a deodorizer of stable liquids, as an 
absorbent with mineral wool, and as a substitute for excelsior in packing. 
Combined with wax under pressure, it has been used as paving material. 

Transportation and Distribution 

Coal reaches the market by rail or river transportation, or a com- 
bination of both; by rail to tidewater (New York, Philadelphia, Balti- 
more, Hampton Roads, Charleston), and thence by steamer for coast- 
wise export, or bunker trade; or by rail to the Great Lakes ports, and 
steamer to upper Great Lakes ports and Canada, and thence by rail to 
the Northwest. 

It is estimated that from 85 to 90 per cent of bituminous production 
obtains all-rail delivery. Ninety-five per cent of the bunker, coastwise, 
and export coal passes through the ]}orts named above. Appro.ximatoly 
28 per cent of the port shipments is bunker coal. This figure corresponds 
very closely to the quantity consumed as railroad fuel. 

Certain railroads, through subsidiaries and public utilities, own and 
operate their own coal mines, which arc commonly known as “captive” 
mines. Approximately 100,000,000 tons per year are thus produced. 

The Lakes-rail movement to the Northwest is one of the great economic 
features of the industry. Of the Lakes cargo boats, 200 out of 400 are 
engaged in carrying coal to the head of the Great Lakes and returning 
with cargoes of iron ore and grain. 

This movement during the summer months affords a seasonal outlet for 
the mines, and serves to stock the upper Lakes storages. The largest 
single dock at Duluth has a capacity of 800,000 tons of bituminous coal 
and 200,000 tons of anthracite, and another at Green Bay, Wisconsin, 
holds 500,000 tons. Car ferries also serve the Canadian trade. 

The export business is largely dependent upon a small margin of profit, 
and is limited by keen competition from other countries and by freight 
rates to the ports. A normal amount of both anthracite and bituminous 
coal goes to Canada, averaging in recent years between 12,000,000 and 
15,000,000 tons of bituminous and between 3,000,000 and 4,000,000 tons 
of anthracite. Certain states in the Northwest import approximately 
500,000 tons of bituminous coal annually from Canada, because of favor- 
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able freight rates. Such movements of low value per imit of weight 
commodities are governed almost entirely by the cost of transportation 
rather than by tariff regulations or even cost of production. 

In 1939, of practically 51,500,000 tons of anthracite produced, 11 per 
cent went to the New England states, 79 per cent to tlie Atlantic states, 
5 per cent to Canada, and the remainder to the Central and Western 
states. 

The various sizes of anthracite formerly marketed have changed 
greatly witliin the past few years. In 1939, six tenths of 1 per cent of 
the total production was larger than “egg.” The demand for “steam” 
sizes has increased from 10 per cent to over 33.3 per cent. 

About 500,000 tons of bituminous coal go to the West Indies, and a 
considerable tonnage is shipped to South America and the Mediterranean. 

Total exports of anthracite coal in 1939 amoimted to 2,590,000 net tons, 
while bituminous exports were 11,590,478 net tons. The margin of profit 
on this business, however, is very small, and the future of export coal 
from the United States depends wholly upon rail and shipping rates. In 
fact, the whole freight-rate structure is inextricably interwoven into coal 
distribution, not only with regard to the Lakes ports and export abroad, 
but in connection with tidewater movement to New England, The pres- 
ent competitive setup in the Northwest is a hang-over from changes in 
Illinois-Indiana freight rates, whereby other states secured an oppor- 
tunity to reach hitherto prohibited areas, and this trade has never been 
regained by the Central field. 

The average railroad freight charge per net ton of revenue bituminous 
coal amounted to $2.23 in 1939, as compared with $2.27 in 1938. 

Between 1938 and 1939, imports of bituminous coal rose 47 per cent^ 
from 241,305 tons to 355,115; while the imports of anthracite declined 
18 per cent — from 362,895 tons to 298,153. 

The average price of bituminous coal at the mine during 1939 was $2.32 
per ton for prepared sizes, $2.09 per ton for run-of-mine, and $1.51 per 
ton for screening or slack. The average sales realization per net ton of 
anthracite coal on breaker shipments fell from $4.16, in 1938, to $3.85, ia 
1939. 


Labor Statistics^ 

Anthracite. According to the Pennsylvania Department of Mines, 
about 93,000 men were employed in the anthracite region in 1939. The 
number employed in 1938, as based upon direct reports to the Bureau of 
hlines from operators, and including the employees of dredges and strip 
contractors, was 96,417. 

Man-days lost because of strikes were 0.2 per cent less in 1938 than in 
193/, and suspension of work due to strikes and the number of men in- 
volved also declined. Comparable statistics covering 1939 are not yot 
available, but there were no vddespread labor disputes during that year. 

* United States Department of the Interior, it/tncrok Yearbook, 1940, pp, 859 and 
799. 



THE COAL INDUSTRY 


387 


According to the Bureau of Labor Statistics, average weekly earnings 
during 1939 ranged from a low of $1716 in December to a high of $35.84 
in May and averaged $25.52, or 9 per cent above the 1938 average. The 
index of employment (1929 average equals 100) fluctuated between 44.7 
in July and 53 in April, and averaged 3.3 per cent below 1938. The in- 
dex of pay rolls reached a low of 25.2 in July and a high of 57 in May, 
and averaged 3.4 per cent above 1938. 

Bituminous. An average of 441,333 men were employed at the bitu- 
minous-coal mines in 1938, a 10 per cent decrease from the total of 491,- 
864 of 1937. Statistics of men employed in 1938 represent annual aver- 
ages of the number of workers on pay rolls on the days when the mines 
were in operation. 

In recent years, a special problem has arisen in recording employment 
through the adoption of local “sharc-the-work” agreements, by which 
employees of a mine are divided into two crews or groups, who work on 
alternate days. Such agreements for '^staggering^^ or alternating the 
work are not to be confused with the practice of operating both a day 
and a night shift, but relate rather to the division of available work be- 
tween two groups of workers on the same shift, usually the day shift. 

Specific inquiries regarding such agreements by the Illinois Depart- 
ment of Mines and Minerals, in 1938, indicated that 45 mines in that 
state were operating with alternate crews under ^^share-the-work'^ agree- 
ments. 

The average number of days of operation at bituminous-coal mines in 
1938 was 162. This represents a decline from the average of 193 days in 
1937. 

Data for 1938 indicate that the bituminous-coal-mine employees per- 
formed 71,325,374 man-days of labor during the year. The length of 
the working day in regard to hours amounted to an average of 7.02 hours 
per day per man. 


Storage 

Intermittent operation of mines is one of the great difficulties in bitu- 
minous mining. Many leading engineers believe that the development of 
storage would permit even production throughout the year, continuous 
employment, and relief of congestion on railroads during maximum de- 
mand seasons. 

In the past, operators have said that storage is the duty of railroads, 
carriers have contended that it is the duty of the consumers, while the 
consumer has maintained that the producer should shoulder the burden. 
If this cycle could be broken, the seasonal fluctuations could undoubtedly 
be relieved. Tyron says: ^'Coal is not so much a commodity as it is a 
service.” 

If we consider storage, then, from the producer’s standpoint, we find 
that he has the following objections to it: 

(1) Added expense and risk. 

(2) No assurance of transportation when needed. 
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(3) No advantages during labor troubles. 

(4) Extra, different, and expensive equipment. 

(5) Maximum storage capacity is about 50,000 tons per acre under 
most favorable conditions, and in the mountainous sections typical of the 
coal fields, the ground is unsuitable or unavailable. 

(6) The operator must bear all losses and expense. 

The Committee on Storage of Coal, reporting to the United States Fuel 
Administration, declared that 47 per cent of idle time in coal production 
is due to seasonal demand and 37 per cent to overdevelopment, our na- 
tional production capacity being twice our consumption capacity. 

The committee favored the development of storage at the point of con- 
sumption when possible, with intermediate storage when necessary. 
Both anthracite and fuel oil are so stored. The committee estimated 
that from 9 to 10 per cent of total annual consumption should be held in 
storage by the consumer, with a 7 per cent reserv'c — a total of about 16 
per cent for which storage should be provided. 

The objections to such storage, which must be met by the consumer, 
are: (IJ the financial burden; (2) spontaneous combustion; (3) degrada- 
tion; and (4) deterioration. 

The estimated average cost of storage equipment, including fixed 
charges, maintenance and operating co>ts. interest on investment, taxes, 
and insurance, was given as from 50 to 75 cents per ton in large plants 
and from Sl.OO to S1.50 per ton in small plants. 

Competing Fuels and Combustion Efficiencies'^ 

Competing sources of energy. While improvements in fuel tech- 
nolog^" have acted to lessen the demand for coal in tlie industries affected, 
these same improvements have constituted a defense of coal against the 
spread of other sources of energy into the previous markets for coal. In 
the electric-utility field, for example, consumption of coal has increased 
coincident with the development of hydroelectric projects. During the 
past 5 years, production of public-utility electrical energy by steam- 
power plants increased from 54,649,829,000 kilowatt-hours in 1935 to 
85,006,941,000 in 1939, an increase of 45 per cent. Statistics of current 
and projected expenditures for new steam-plant construction indicate a 
continuation of this trend in the near future. Edison Electric Institute 
reports expenditures in 1939 of $70,560,000 for steam plants, and budget 
estimates for 1940 indicate a probable expenditure of $183,700,000, 
vhich will add approximately 1,650,000 kilowatt-hours to the total steam- 
generating capacity in 1940. 

Despite the improvements in fuel economy in the utilities industry, the 
total coal consumption for power generation has continued to increase 
since 1933, except in 1938, when there was a 10 per cent decrease com- 
pared wdth the previous year, attributable to the general slump in indus- 
trial activity and total power consumption. The upward trend was 

*Ib{d, pp. 777-778. 
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resumed in 1939 with a total coal consumption of 46,223,000 tons, an 
all-time high record for this industry. In addition, the utilities steam- 
power plants used 17,423,000 barrels of fuel oil (approximately equivalent 
to 4,356,000 tons of coal) and 191,131,000,000 cubic feet of natural gas 
(equivalent to 8,310,000 tons of coal). During the past 20 years, the 
gro\^dh of the utilities industry has approximately offset the effect of 
improved fuel technology in relation to aggregate coal consumption, and 
the annual tonnage used has moved up and down from the low of 30,000,- 
000 to the high of 46,000,000 as general industrial activity varied. Use 
of fuel oil also has followed an irregularly horizontal course during this 
period, but the consumption of gas in utility electric-power plants has 
increased from 22,000,000,000 feet in 1920 to 191,000,000,000 in 1939. 

In the field of domestic heating, comparable figures are available for 
mechanical firing equipment only. In this category, the use of oil and 
gas appears to be growing more rapidly than coal, basing estimates upon 
sales of new equipment. Sales of oil burners for domestic use rose from 
106,933 units in 1938 to 165,711 in 1939, a 55 per cent increase, whereas 
sales of domestic stokers (under 61 pounds per hour capacity) using 
bituminous coal, rose from 71,978 units in 1938 to 78,332 in 1939, a 9 
per cent increase. However, this does not entirely represent the relative 
positions of the two competing fuels in new plants, because the oil-burner 
sales cover virtually all installations in which oil is used, while the sales 
of coal cover only mechanical stokers and do not consider new installa- 
tions of hand-fired equipment. During the same period, sales of natural 
gas for domestic use increased from 352,949,000,000 to 367,733,000,000 
feet, a 4 per cent gain (not including natural gas in mixtures sold l>y 
manufactured-gas companies) . 

The use of coal for locomotive fuel by railways decreased 17 per cent 
in 1938 compared to 1937 and came back 7 per cent in 1939, while the 
use of fuel oil followed an almost identical course, decreasing 13 per cent 
in 1938 and increasing 3 per cent in 1939. The consumption of railroad 
fuel varies with the fluctuations in volume of traffic. The use of Diesel 
fuel increased rapidly, rising from 25,470,248 gallons in 1937 to 34,842,982 
in 1938 and 48,754,423 in 1939. In the aggregate, however, Diesel fuel 
constitutes as yet only about a quarter of 1 per cent of tlie total railroad 
fuel. 

Statistics for 1939 show that the use of coal and oil by railroads, 
electric-utility power plants, and steamships exceeded that in 1938 by 10 
per cent, while oil consumption increased 7 per cent. In the same period, 
consumption of natural gas by all industrial, commercial, and domestic 
consumers increased 7 per cent. 

Trend in fuel efficiency. Since the First World War period, improve- 
ments in the technology of fuel application have contributed to a con- 
tinuing decline in the demand for coal from industrial uses. Altliough 
the effect of such improvements is cumulative from year to year, the rate 
of decline is smaller in recent years as the remaining margin of possible 
increase in fuel efficiency becomes progressively less. 

The Class I steam railroads reduced the average coal consumption by 
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coal-fired locomotives from 117 pounds per 1,000 gross ton-miles of freight 
ser\'ice in 1938 to 115 pounds in 1939. For all railroad freight, including 
oil-burning and electrical locomotives, tlic average energy" consumption 
converted to coal equivalent has reduced from 115 pounds per 1,000 gross 
ton-miles in 1938 to 112 pounds in 1939. During the same period, public- 
utility power plants lowered the average fuel consumption from 1.41 to 
1.39 pounds per kilowatt-hour. In the iron and steel industry, the aver- 
age consumption of coke in iron blast furnaces was reduced from 1,801 in 
1938 to 1,778 pounds in 1939 per net ton of pig iron produced, representing 
a drop from 2,583 9 to 2,547.3 pounds of coking coal per net ton of pig 
iron for 1938 and 1939, respective!}". 

Improvements in combustion practice among domestic consumers and 
small industrial and commercial establishments also are helping to de- 
crease the aggregate volume of fuel consxiraption. Furthermore, increas- 
ing economy in combustion methods is being supplemented by improve- 
ments in space-heating methods and by progress in building construction 
and insulation. Figures for the consumption of fuel, by kind and 
quantity, for 1939 follow:^ 


Number of establishments reporting fuel consumption 

Anthracite coal 

Bituminous coal 

Coke 

Fuel oils, including crude and gas oils (in barrels of 

42 gallons) 

Gas; 

Natural 

Manufactured . . 

hlixed . , ... 


169,790 

5,015,857 net tons 
137,771,432 net tons 
35,115,357 net tons 

133,773,524 barrels 

381,830,178,000,000 cubic feet 
1,288,727,385,000,000 cubic feet 
24,530,692,000,000 cubic feet 


In a freight-rate hearing before the Interstate Commerce Commission, 
E. J. MeVann testified that, in 1930, oil had supplanted 92,000,000 tons 
of coal, and natural gas had supplanted 30,000,000 tons per year— a 
total of 122,000,000 tons. 

Thus we see competition, freight Tates, w'age scales, and labor condi- 
tions, combined with increased combustion efficiency, confronting a 
greatly overdeveloped industry. 

Dr. Thom, of Princeton, sa 5 's: 


Man's ability to control the stored energ>^ of coal and oil is therefore 
at once the distinguishing characteristic, and the basis, of modern civili- 
zation, and the events of recent histor}’' are reflections either of improve- 
ments in the methods of using the mineral fuels, or of nationalistic 
mtngues and struggles involring the control of one or both of these 
mainsprings of industry and keys to economic and mihtary power- 


Health and Safety^ 

The accident rate per million man-hours of exposure among men em- 
ployed at coal mines in tlie United States during the calendar year 1938 

* United States Department of Commerce, Business Series ('May, 1941), No. 4. 

® United States Department of the Interior, Bureau of Mines (September, 1940), 
No 279 
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was slightly more favorable than in the year 1937, the 1938 rate being 
84.4 as compared ^Yith 85.9 in the preceding year, according to reports 
furnished by mining companies to the Bureau of Mines, United States 
Department of the Interior. 

The total number of men employed in and about the mines was 541,528, 
a reduction of 48,328. The total volume of labor performed was 621,- 
000,000 man-hours, which, on the average of 7.04 hours per man per day, 
resulted in 88,000,000 man-days of work. Each employee averaged 163 
days of employment, or 1,147 hours during the year. Accidents caused 
1 ,105 deaths and 51 ,314 nonfatal injuries. The fatality rate per million 
man-hours in 1938 was 1.78, only slightly higher than the rate of 1.74 for 
1937. The nonfatal injury rate was 82.6 in 1938, a slight improvement 
when compared with the previous yearns rate of 84.1. 

During 1938, 6 major disasters occurred — that is, disasters in each of 
which 5 or more men were killed. Four of the disasters were in bitumi- 
nous mines and 2 in Pennsylvania anthracite mines, all of which resulted 
in the deatli of 84 men. Five of the disasters were caused by explosions 
of gas or dust, and one by a fall of rock. 

There is ever>’' reason to expect that, as education along safety lines 
advances, working in coal mines will be as safe as in any other major 
industry. 

In general, the coal-mine worker has good health. Nearly all coal 
mines are well ventilated, and workers are occupied in relatively pure 
and circulating air, with temperatures and humidity almost ideal, since 
very few coal mines have working-place temperatures in excess of 80 
degrees F., and not many in excess of 70 degrees F. 

These conditions are stable and constant; hence the underground coal- 
mine worker is subject to the fluctuations of surface conditions to only a 
slight extent, if at all. Moreover, the underground worker in coal mines 
is subject to no conditions that may affect his health, other than in a few 
isolated instances when he may be exposed to breathing dusts that induce 
miners* asthma. Coal mining entails the expenditure of considerable 
physical effort that may in time affect the heart, but ill-health is not 
common to the coal-mining fraternity. 

Legislation Affecting the Industry 

During the past 10 years, the coal industry, like many others, has been 
a victim of economic conditions and the general depression of 1930. 
Many of the 13,500 coal-mining companies of the United States were 
forced to close their mines, and this situation caused great hardships on 
the miners and their families. The past 10 years have seen a great num- 
ber of Federal bills introduced in both the House and the Senate for the 
purpose of rectifying the inequality in the coal-mining industry. Prior 
to that time, there was little direct Federal legislation affecting the in- 
dustry, although many bureaus and commissions had been established 
by the Federal Government to supervise and regulate commerce. The 
Federal Trade Commission, for the correction of inequitable trade prac- 
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tices, and the Interstate Commerce Commission, for the regulation of 
rail transportation, arc tlie major Government bureaus. The Geological 
Suiv'ey and the Bureau of Alines handle matters specifically pertaining 
to minerals and the prospecting and development of public lands. 

Revenue legislation, such as income-tax lavrs, the vrork of the Depart- 
ment of Labor in promoting harmonious relations between employer and 
employee, and the promotion of foreign trade by the Department of Com- 
merce — all bear relation to the indust^^^ 

The Food and Fuel Control Act of 1917, This act led to wartime 
control of man power, production, priority in delivery, transportation 
facilities, and prices, for the duration of the First TVorld War. 

Postwar legislation. After the First World War, legislation consisted 
of two acts, both taking effect in 1922. The first of these provided for 
a Federal Fuel Distributor, to cooperate uith the Interstate Commerce 
Commission in the distribution of railroad cars and “to prevent the sale 
of fuel at unjust and unreasonable prices" because of a prolonged strike 
that had resulted in fuel shortage. 

The other act pTo^rided for the establishment of a Coal Commission, to 
make a thorough study of conditions in the industry. The reports of this 
Commission covered a 'nude range of subjects, including all the major 
phases of the industry, and was accompanied by a series of recommenda- 
tions for action. Among these were continuous fact-finding, publicity, 
and regulation through the powers of the Federal Government over inter- 
state commerce. The commission insisted that the public interest placed 
limitations on the rights of owners of coal lands, operation, mine workers, 
carriers, and dealers. 

The Guffey Coal Act of 1935. For many years, the coal industry has 
suffered from overproduction and ruthless competition, which resulted in 
constant price-cutting wars and the demoralization of the coal industry. 
This created unfavorable social and economic conditions that affected 
capital and labor alike, and many members of Congress felt that some 
type of legislation would be necessarj^ to solve the problems of the coal 
industry. 

From 1930 to 1935, a constant stream of bills was introduced before 
the House and the Senate, and it was not until 1935 that the Guffey Coal 
Act became law. This bill pro^rided for the cooperative marketing of 
bituminous coal, le\ded a tax of 15 per cent on the sales price at the 
mine, with a 90 per cent drawback to the producers who complied with 
the provisions of the ^‘Bituminous Coal Code,” and created a National 
Bituminous Coal Commission. 

The Bituminous Coal Act of 1936. This act reenacted the provisions 
of the Guffey Coal Act of 1935, with the following major changes; 

(1) It prot'ided for a National Bituminous Coal Commission com- 
posed of 7 members instead of 5. 

(2) It levied a sales tax of per cent on all coal disposed at the 
mine and an additional tax of 1314 per cent on coal sold in Interstate 
Commerce by producers in complying vdih the coal provisions (in place 
of the 15 per cent tax 'with a drawback of 90 per cent). 
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(3) It provided that the minimum prices for coal and regulations for 
the industiy shall be ^^proposed^^ rather than ^'established^' by the dis- 
trict powers. 

(4) It omitted the specific provisions that prices and regulations ap- 
proved by the commission "shall be binding upon all code members within 
the district." 

(5) It contained a general declaration of policy to the effect that 
labor shall have the right to organize and bargain collectively, and that 
"yellow-dog contracts" shall be illegal. 

The Bituminous Coal Act of 1937. This later act is a rewriting of 
the Guffey Act of 1935, which was held unconstitutional in the Gainer v. 
Carter Coal Compan}^ 298 U. S. 238. The act declares the necessity 
of regulating prices and unfair methods of competition in order to pro- 
mote interstate commerce in bituminous coal, and to remove the burdens 
and obstructions therefrom. The following important changes are ef- 
fected by the new bill: 

(1) The National Bituminous Coal Commission is increased from 5 
to 7; two of whom arc to be experienced bituminous coal-mine Avorkers 
and two experienced producers. 

(2) The excise tax on coal sold in interstate commerce, in lieu of 
being 15 per cent of the sale price at the mine, with a drawback of 90 
per cent for code members, is to be ly^ per cent for code members, plus 
an additional izy> per cent for noncode members. 

(3) District boards (of the same 23 producing districts as in the 
original act), instead of establishing minimum prices and reasonable 
I'egulations incidental to the sale and distribution of coal subject to 
review by the commission, are authorized merely to propose prices or 
regulations to the commission. 

(4) The commission, as a means of enforcing compliance by persons 
reselling coal in commerce with the prices and marketing regulations 
established under the code, may prescribe a licensing or registration 
system. 

(5) In place of the provisions affecting labor relations, right to or- 
ganize, collective bargaining, etc., there is substituted a general declara- 
tion of policy approving such principles and forbidding Government 
purchase of coal not produced in accordance with those principles. 

(6) Price-fixing provisions are applied to intrastate commerce when 
there exists an unjust discrimination against interstate commerce. 

(7) A new separability clause is added, stating precisely that invali- 
dation of one provision of the act or of the code shall in no way affect 
other sections or paragraphs. 

The National Anthracite Act of 1937. Title I of this act (expiring 
4 years after approval) establishes in the Department of the Interior a 
National Anthracite Commission (principal office in Philadelphia) of 6 
members (2 who shall have been experienced mine workers, two produc- 
ers, and a fifth with no experience in the industry), appointed for 4 years 
at a salary of $10,000; it provides also for a consumer's counsel A tax 
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is imposed on anthracite coal of 1 per cent per ton for code members, plus 
19% per cent of the sale price for noncodc members. 

The act prescribes an initial code applicable only to transactions in 
or directly affecting interstate commerce, of which any producer may 
become a member. For administering the code, there shall be a pro- 
ducers^ board of 11 unpaid members (10 elected by producers and 1 se- 
lected from an employees’ organization) for 2«year terms. Expenses 
are allocated among the code members. 

The commission may prescribe minimum and maximum prices, and 
marketing regulations. Certain practices are named by the act as unfair 
methods of competition and violations of the code. Intrastate transac- 
tions unjustly discriminating against interstate commerce, are made sub- 
ject to the price regulations. The act declares it the policy of the United 
States to recognize the right of labor to organize, bargain collectively, 
and so forth, and forbids Government purchase of anthracite not pro- 
duced in accordance therewith. Code members are permitted to provide 
for cooperative marketing of competitive coal through agencies approved 
by the commission. District courts are vested with jurisdiction to issue 
injunctions to prevent interstate movement of stolen anthracite. 

Title II provides for a national anthracite resen^e, to consist of land 
and rights conveyed by OT\mers to the United States. The surface of 
such lands may be used for forestation and flood control; adjacent lands 
may be acquired by eminent domain for similar purposes. Grantors may 
secure reconveyance when deemed for the best interest of the industr}* 
and consumers. The Secretary of the Interior may request grantors to 
take back lands and proceed to production when the supply of anthracite 
is insufficient to meet demands; if the grantor refuses, the Secretary may 
lease or convey these lands to another, paying to the original grantor any 
funds received. 

The Coal Trade Act of 1937. This act is effective for 4 years, R 
creates a Federal Coal Trade Commission of 5 members appointed by 
the President and confirmed by the Senate for 4-year terms. The bill 
relates to anthracite, bituminous, and other kinds of coal. 

By the act, the country is divided into 24 production districts and 13 
market areas. In each production district, a cooperative association of 
producers may be organized for collective handling or marketing in in- 
terstate commerce (or in intrastate commerce directly affecting interstate 
commerce) of coal mmed by them. Contracts may be entered into re- 
specting prices, discounts, trade practices, allocation of markets, and so 
forth, ^ Copies of association articles and contracts of members shall be 
filed ndth the commission. 

Each association shall classify coal and shall file a statement weekly 
of what it believes to be the minimum fair market values f, o, b. mines. 
Each association, and producers not members of an association, shall 
file a statement of the minimum f. o. b. mine prices, or changes therein^ 
at which coal will be offered for sale in each market area. Such data 
will be collected by the commission, and a copy sent to each association 
and producer. Each producer shall file monthly a statement showing 
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production costs, tonnage, and average employee earnings. This data 
shall be tabulated by the commission and distributed, without disclosing 
facts with respect to any individual producer. 

The commission is directed to prevent unfair acts or trade practices, 
indirect discounts, preferments, and so forth, and its orders are made 
enforceable by the courts. Producers and cooperatives are exempted 
from the antitrust laws with respect to acts or omissions hereunder. 
Producers or cooperatives injured by any other producer or association 
by reason of willful violations hereof may recover threefold damages. 

Recent legislation. Many of these important acts have been amended, 
and the Guffey Coal Act of 1937, which expired April 26, 1941, has been 
extended for a period of 2 years, to April 25, 1943. 

Research and the Future 

Research activities of the present may be divided into the following 
classifications; 

(1) Constitution of coal and coke. 

(2) Mining, safety, and health. 

(3) Preparation and storage. 

(4) Combustion of solid, liquid, and gaseous fuels. 

(5) Gasification, carbonization, and processing of coal. 

(6) Industrial analyses and tests 

Dr. Fieldner, of the United States Bureau of Mines, has listed world 
efforts by institutions of learning, government bureaus, and scientific 
societies, with over 375 separate and assigned groups devoting special 
service to these and collateral problems. 

Much of this work centers on items 4 and 5 above, since it is here that 
the problems of high- and low-temperature carbonization processes meet. 
In the original beehive oven, 1 ton of bituminous coal made 1,300 pounds 
of metallurgical coke. In the later type of by-product OA*en, 1 ton 
of bituminous coal produces approximately 1,500 pounds of coke, 22 
pounds of ammonium sulphate, 9 gallons of tar, 2^ gallons of light motor 
oil, and 10,000 cubic feet of gas. 

As a result, the beehive oven, originating in 1860 and in universal use 
until 1918, is now a matter of history, and coke which is secured as a 
by-product of coal, of refining petroleum, and in the manufacture of coal 
gas, enters into metallurgy and domestic fuel. 

Many processes have been patented for the utilization of pulverized 
coal, for briquetting various grades of fines, for the extraction of valuable 
volatile oils, and for the complete gasification of coal, producing carbon 
monoxide and hydrogen in large quantities. Through direct combina- 
tion of these gases by catalytic synthesis are produced methyl alcohol, 
esters, ketones, formaldeh^^de, and many other products. 

The future of the coal industrj^ is believed by many to depend upon 
the research chemist and engineer. A demand for energy is no longer a 
demand for coal; if it were, wc must needs pioduce over a billion tons 
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per year. The National Research Council states that manufacturers 
are spending annually the equivalent of 1.3 per cent of their invested 
capital in research. The steel indtistry spends A per cent of its invested 
capital; the lumber industry 1 9 per cent; and the chemical industr}^, 
which includes petroleum, 2,4 per cent. Coal, upon the same scale as 
manufacturing, would s])ond $5,000,000 per year for this purpose. Only 
science can point the way. 



17 

The Iron and Steel Industry 


Early History of Iron 

How primitive man discovered the art of metal working is a matter 
of conjecture. Probably some savage built his campfire on an outcrop- 
ping of that red earth — ^iron ore — and was mystified when he discovered 
that rough metallic nuggets reposed in its cooling ashes. Curiosity may 
have prompted liim to attempt to break them open, so that he could 
learn their magic, and perhaps in this accidental way he learned that the 
nuggets were malleable. At any rate, crude tools of metal, spearheads, 
and other metallic articles have been unearthed which apparently were 
made centuries before the beginning of recorded history. 

The art of extracting iron from the earth spread very slowly. Iron 
never occurs in a free state like copper or gold but is usually found in 
combination with other elements. It possesses a high melting point, 
and much heat is necessary to reduce ore to a usable form of iron. With- 
out equipment and knowledge, centuries passed before there was a wide- 
spread knowledge of crude reduction processes. Then, too, no particular 
nation seemed to have acquired greater knowledge of the art than its 
neighbors. In all the ancient countries where there were iron deposits, 
the remains of crude furnaces have been discovered. These countries 
include Egypt, India, China, Chaldea, and Borneo. 

About 4000 B.c. lived Tubal-Cain, a Biblical character whom Scrip- 
ture mentions as an “artificer in iron and brass.’’ The great pyramid of 
Cheops contained a wedge of iron, now the property of the British 
Museum, which was probably placed there about 3500 b.c., according to 
archcDological records. 

The iron pillar o£ Delhi. When the famed Iron Pillar of Delhi, 
India, was erected, no one knows, but it is supposed to have been about 
the fourth or fifth century, a.b. It is made up of several sections of 
wrought iron, welded together. As it is carefully guarded by the natives, 
who regard it with religious awe, its metallurgical story remained a secret 
for generations. Even to this day it is believed that only two small 
samples have ever been removed from this relic of the past. One sample"' 
is in the possession of the British Museum and the other is the property 
of the research laboratories of The American Rolling IMill Company. ‘ 
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Location of Iron Ores 

Iron ores of varying qualities can be found in almost every country. 
When the Romans invaded Britain, they found the Britons making iron 
in crude furnaces. Germany has large deposits of high-phosphorus ores; 
the excellence of Swedish ores has long been well Imown; almost everj" 
section of the United States has its iron-ore fields; and South American 
ores are now looming over the horizon as a source of supply for our steel 
plants. 


Early Beginnings of the Blast Furnace 

Historians with vivid imaginations have pictured the primitive iron 
maker sitting before two goatskin bellows, alternately working them to 
deliver their scanty “blast’' of air into a hole in a clay bank which sen^d 
as his furnace. Charcoal obtained from trees in the surrounding forests 
was his fuel. Others picture him building huge fires on the highest 
hilltops, where brisk winds Avould fan his fire to a high temperature. 

According to La Verne W. Spring, in Non-Technical Chats on Iron and 
Steel: 


The real forerunner of our modern blast furnace was the Catalan 
Forge, developed in, and named for, Catalonia, north Spain, where it 
originated. 

The Catalan and all of such crude early furnaces produced a variable 
kind of what we loiow as “wrought iron,“ and our modem “cast iron” 
did not appear until about 1350 when, with larger furnaces, an excess of 
chare oah with greater heat and other favorable conditions, the Germans 
loiina that the pasty, difficult melting metal could be made to absorb 
carbon enough to make it easily fusible. 


^ Other countries^ developed individual smelting processes largely similar 
in principle but different in name. All w^ere fanned wdth a liand-powered 
bellows, for it was not until after 1770, when Watt invented the steam 
engine, that a strong continuous blast could be provided. As the de- 
mand was limited, these leisurely processes furnished the iron wdiich 
cart'cd the path of civilization for centuries. Refined in small quantities, 
the articles manufactured were nearly all forged with the repeated blows 
from a hammer, with frequent reheatings in the forge. 


Mining the Iron Ore 

methods of obtaining ore. Undoubtedly the early ore miner 

bv ov pockets of ore -with pick and spade and transported 

SvuVrr n. ! r®, quantities required. During the 

v.'hvrc the hilb'^wtr "'fVi fouthem Ohio and Pennsylvania, 

patriarch of tlie furnaces presided over by Eoroe 

charred the loes n ?’ his sons gathered the ore from the hillsides, 
ciiarrcci the logs, and operated the furnace. 

r" ‘colonies. Iron was written into the 
histor3 m America long before the Declaration of Independence. In 
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1619, the ill-fated ^‘London Colony^^ was established at Falling Creek, 
near Jamestown, Virginia, only to be destroyed by Indians. Apparently 
the first successful attempt at iron making began there shortly after 
1040, under the direction of one John Winthrop, Jr. As colonization 
spread, ironworks sprang up; and many forged and sand-cast articles 
were manufactured in the colonies, the latter process having been im- 
ported from England. Pittsburgh began to loom up as a natural iron 
manufacturing center about 1800, and soon afterward the rich beds of 
Pennsylvania coking coal were tapped. The Trenton Rolling Mill 
rolled iron as a fireproof structural material, and cannons, cylinders, and 
many other articles were made in this country for the first time. 

In those days the industry depended upon near-by deposits of ore 
for its raw material. The great Michigan and Minnesota fields had not 
yet been discovered; indeed their discovery would have been of little 
value, because no transportation facilities were available. 

Two general methods of mining ores. Today Minnesota ores are 
known the world over. The ^^Mesabi range^' has probably contributed 
more to the comfort of modern life than any of the famed gold mines. 
Ores are mined by two general methods, “shaft^’ mining and ‘^strip^’ 
mining. \Yhen the deposits arc far beneath the surface, the former 
method is employed; when near the sod, drift or surface mining is used. 

Transporting Ore 

Loading the ore boats. Giant shovels toss aside the earth and bite 
into the rich red ores, lifting tons at a time into waiting railroad cars. 
An engine chugs off with a string of cars destined for the ore dock on the 
lake front These cars are ^^spotted’’ on trestles high above the ore bins, 
which in turn are above the level of the docks. A freighter is waiting — 
the most economical form of transportation.' These giant ore boats arc 
simply long steel shells, wdth quarters for crew and machinery fore and 
aft. Most of these vessels can easily cany 10,000 tons of the “red diii.” 
Hatches are provided at regular intervals in the decking, through which 
pour streams of ore from the bins. In a few hours the ore boat is fading 
into the distance, bound for some southern lake port, where its cargo 
will be discharged. 

Unloading the ore. Unloading is also a mechanized process. A giant 
crane slides down the dock like a monster spider. It reaches down into 
the hull with a large clamshell bucket and lifts out great quantities of 
ore. Soon the freighter is empty, and back she steams for another load. 
As the shipping season on the Great Lakes is limited to about 7 months, 
time is precious. 

Ores from the Southern states are also being used in several steel 
plants, and great quantities are available. 

Rail transportation. When the railroad car with its load of ore 
reaches the inland blast furnace, either its cargo is lifted out by a crane 
and deposited on the stock pile or the car is run on to a revolving bridge, 
clamped down, and slowly turned over. Its contents flow by gravity 
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into ore bins, from which it flows into the little car that transports it 
np the skip hoist and thence into the top of the furnace. 

Making Steel 

Operation of the blast furnace. The modem blast furnace is a tower- 
like structure of steel approximately 100 feet high and lined with fire 
brick. Carefully weighed raw materials arc conveyed to the top by 
means of a ‘‘skip hoist,” or elevator. There they are automatically 
dumped into a hopper and fed by gravity into the furnace over an in- 
verted wedge-shaped bell, which tends to distribute them evenly. For- 
merly, iron ore was the chief iron-bearing material charged; now also 
scrap metal is used. Alternate layers of coke, iron ore, limestone, and 
scrap are put in as the furnace is “burdened ” Air preheated in huge 
cylindrical “stoves” is forced into the furnace by powerful blowing 
engines. This causes the coke to melt the iron-bearing materials 
Casting the “pigs.” The molten iron settles to the bottom of the 
furnace, and when a sufficient quantity has collected, the clay-plugged 
tap hole is dug out. The old practice was to allow the liquid pig iron 
to run through channels in the earthen floor to a sand bed in the casting 
house. There small impressions, or molds, had been made in the sand, 
and the iron filled them. When the metal cooled, each piece was broken 
loose and was IcnovTi as a “pig.” Today casting machines are employed 
They function on the principle of an endless chain of molds. On one 
end of the machine the molds are filled; water sprays cool the pigs as 
they move along; and when they reach the point where the molds turn 
over to start on their return journey, the solid pieces of pig iron fall 
into a waiting car. 

Still more modern and efficient is the practice of tapping the molten 
pig iron into a ladle and conveying it to the “mixer” for hot charging 
into the open-hearth furnaces. 

The efficiency of blast furnaces has been steadily increased. Figures 
compiled by the American Iron and Steel Institute show that the average 
production per day*s operations is 736.7 net tons per furnace. 

Characteristics of pig iron. Pig iron is an intermediate material. 
It is brittle, has little strength, and must be further refined to remove 
its impurities before it can be really useful to man in the form of a 
finished article. 

The puddling process. Methods for making wrought iron from plS 
iron were first evolved. Most important among these was the “puddling 
process,” in which pig iron was melted in a small furnace and constantly 
stirred by the ^‘puddler” until it was worked up into a pastelike ball of 
iron from which many of the impurities had been oxidized. The Aston 
process for puddling iron, a recent development of the A. M. Byers Com- 
pany, has revolutionized this branch of the industry by introducing 
mechanization and a controlled process. 

The Bessemer process. It was not until the closing days of the 
Civil War that a commercially satisfactory method, the “Bessemer 
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process/’ was developed for converting pig iron into steel The in- 
vention of the Bessemer converter for manufacturing malleable iron and 
steel is accredited to Henrj" Bessemer, of England. Molten pig iron is 
placed inside an egg-shaped receptacle, called a ^^converter/’ and an air 
blast is then applied through small nozzles in the bottom of the vessel 
No fuel is required, as the heat necessary’' for combustion is supplied by 
the molten metal The oxygen of the air passing through the hot metal 
oxidizes, or burns out, the carbon, silicon, and manganese. 

The open-hearth process. The Bessemer process has been gradually 
supplanted by the ‘^open-hearth process,” until today only 7 per cent 
of the steel made is produced by the former process. The open-hearth 
process has many advantages over the Bessemer. In the first place, the 
Bessemer is handicapped because the pig iron which it refines must be 
of an analysis within certain narrow limits. Then, too, the process can- 
not be controlled as easily as the slower working open-hearth furnace, 
and some of the impurities and harmful gases pass through and into the 
finished product; besides, the yield is lower than with the open-hearth 
furnace, which has less loss by oxidation. 

The open-hearth furnace can use pig iron of a widely varying analysis, 
and larger percentages of scrap iron can be used as a part of the charge. 
Furthermore, control of the process need not be a matter of conjecture, 
as the inelter can, from time to time, take samples of the metal for 
laboratory examination 

The open-hearth process is the joint invention of two men, although 
they worked separately" and in different countries. In 1860, C, W. 
Siemens developed the first regenerative furnace. It was his purpose to 
melt pig iron and purify it by burning out the silicon, manganese, and 
carbon by passing a flame over the bath. In France, P. and E. Martin 
successfully melted pig iron and steel scrap in a Siemens furnace. So 
good were the results that the names of Siemens-Martin were combined 
in referring to the invention of the process. 

Description of open-hearth furnace. An open-hearth furnace is a 
rectangular structure of brick and steel consisting of an “upstairs” and 
a “downstairs.” A stack is used for draft instead of air being forced 
in by a blast. Downstairs are the checker chambers for heating the 
air and the gas, so called because of the peculiar checkerwork effect 
produced by the manner in which the bricks are laid. Upstairs is the 
charging floor, or hearth, where the “bath” is purified. This part of 
the furnace is built of special heat-resistant fire brick. Reversible 
valves force the incoming air and gas to travel through their respective 
regenerating chambers, filled with red-hot checker brick, up through 
the ports and into the furnace, where they unite and bum with a very 
hot flame. These currents of air and gas, by the way, pass over the 
metal and not into it. Every 15 or 20 minutes the valves are reversed 
and fuel and air enter from the opposite end of the furnace. The 
main purpose of this reversal is for uniformity of heating. The hot, 
burnt gases pass out through ports at the other end of the furnace and, 
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on tlic way to the stack, preheat the checkerwork in the regenerative 
chamber. 

Automatic control of furnaces. The modern open-hearth furnace is 
largely automatically controlled. An automatic pyrometer continuously 
records the temperature of the metal; and bells ring, or signal lights 
appear, whenever it is time to reverse the direction of the air and the 
gas currents. This instrument removes much of the guesswork from 
the process. For many years the gas producer for manufacturing coal 
gas was a necessary adjunct to the open-hearth furnace. New fuels 
are now being used, such as natural gas, coke-oven gas, fuel oil, and 
natural gas into which fuel oil has been atomized. Splendid results in 



Fig. 1 The open-hearth charging machine. 


lover fuel costs and decreased time for the refining operations have 
been obtained. Better insulation also has aided in this forward march 
of the open-hearth furnace, for the process depends upon the radiation 
of heat from the flame to the metal. 

Charging the furnace. The raw material for the open-hearth furnace 
IS charged through doors on the front of the furnace, and the refined 
molten metal is removed through the “tap hole” in the rear. Before a 
lieai IS charged, the tap hole is plugged with moist clay. Next, the 
bottom-xnabng machine” is pushed dovm the track, pouring a stream 
of eru^hed dolonute evenly over the bottom of the hearth. This is to 
piotect the hearth from “bu/'ning through” and to increase the life and 
den case the mamtenaommerc of the furnace. 

Dovn the Jong ch >or clanks the huge charging machine, 
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Fjg. 2, Charging molten pig iron into the open-hearth furnace 


shoots it forwaid through the door, revolves the pan so that its load is 
deposited on the heaitli, and immediately withdraws Time and again 
this is repeated. Each of these pans has been carefully weighed in the 
stockyard, the quantity of each material charged depending upon the 
grade of iron or steel to be made. 

In modem practice, the pig iron is chaiged into the open hearth an 
liquid form When the blast furnace is tapped, the molten pig iron is 
taken duectly to the open-hearth building and stored in a huge, brick- 
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lined vessel, called a *'mixer.” This acts as a container, keeps the pig 
iron liquid, and, b}" receiving pig of different casts, makes for greater 
uniformity. A huge ladleful of this hot pig iron is taken from the mixer 
and poured directly into the furnace. In plants which do not possess 
blast furnaces, pig iron is sometimes transported many miles in specially 
built cars. One of the first to inaugurate this practice was the jMiddle- 
towTi, Ohio, plant of The American Rolling Mill Company. A blast 
furnace located some 12 miles away made the pig iron. Special “land- 
submarine’^ cars, each weighing 350 tons when loaded, were designed to 
keep the pig iron molten during transportation, and the railroad had to 
be entirely rebuilt to carry this great weight. 

Chemical analysis of metal samples. As the materials in the open- 
hearth furnace melt down, a glance through the furnace door reveals the 
liquid metal seething like a miniature volcano. That “boiling’^ action 
is exactly what the furnace operator desires, for to him it means that 
carbon monoxide is being given ofi‘ through the combination of the oxygen 
from the ore and the carbon of the metal, and that the impurities are 
being destroyed. From time to time, he may add more iron ore to keep 
up this boiling action. At intervals, samples of the liquid metal are 
taken from the furnace and rushed to the laboratoiy. Pneumatic tubes, 
similar to those used in department stores, are sometimes used for the 
rapid transportation of these samples. Finally, the chemist^s O.K. 
flashes back to the melter, and the furnace is ready to tap. Here is a 
typical analysis of an ingot iron and a steel heat: 



Ingot Iron 

Mild Steel 

Carbon 

015 

.100 

Manganese 

018 

.400 

Sulphur . . . 

. . .023 

,030 

Phosphorus 

004 

.015 

Silicon 

. .003 

.005 

Total. . .. 

.063 

.550 


Tapping the furnace. Activities are now transferred for the time 
being to the back, or tapping side, of the furnace. Under the tap hole 
has been placed a clay-lined trough, through which the metal will flow 
into a great 150-ton brick-lmed ladle, which is waiting in the pit below. 
The “pit” is the longitudinal half of the floor of the building. It is 
actually on the ground level. The other half, as has been explained, is 
given over to the checker chambers and the charging floor, the checker 
chambers being on the lower elevation and the hearth, or charging floor, 
directly above. Thus the charging floor is actuall 3 ^ a sort of mezzanine. 

To proceed with the tapping of the furnace, a workman digs awaj" at 
the claj" plug and then attacks it viciously" with an oxj’-acehdene burner. 
Around on the charging side, the melter and a crew of helpers are now 
ramming nvrny at the “plug” with a long rod of iron. Finalh', it gives 
way, and out plunges the imprisoned white-hot metal with a rush and a 
roar; it cascades into the waiting ladle, a miniature Niagara of fire and 
sparks As the “heat” is almost drained into the ladle, the metal seems 
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to froth and rise as if some kind of yeast had been cast into it. It trickles 
over the edge of the ladle, a beautiful sight. The overflow, however, is 
very desirable, for it is the slag removing itself. 

Pouring the metal. High overhead, a giant crane crawls up to the 
ladle. It is equipped with trunions, which it lowers and which grasp the 



Courtesy, Amcncan Rolling Mill Company 

Fig 3. Amid great showers of sparks, molten metal pours from the huge ladle 
into ingot molds 

huge lugs oil the sides of the ladle. Triumphantly it carries its gigantic 
prize to the far side of the pit, where, on a long platform, stands the 
steel pourer. A long line of empty ingot molds have been drawn up 
alongside the platform, and the ladle is ^^spotted^^ directly over the first 
mold. The steel pourer, garbed in grotesque safety clothing, opens the 
nozzle on the bottom of the loader and fills a mold with this white, hot 
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metal. 'WTien it reaches the desired height, he quickly closes the nozzle, 
and the craneman moves the ladle to the next mold. Soon the train 
of hot metal goes merrily out of the building to stand for a short time in 
the ingot yard to solidify. 

Capacity of open-hearth furnaces. Open-hearth furnaces vary in 
capacity from 10 tons to as high as 400 tons. The average furnace is 
probably of a 125-ton capacity, but the trend has recently been toward 
larger furnaces. Of course, the number of ingots obtainable from each 
heat also increases proportionately. The size of the ingot varies accord- 
ing to the purpose for which the metal is to be used. 

The first pure iron by the open-hearth method. Prior to 1905, com- 
mercially pure iron had never been produced in an open-hearth furnace. 
Steel was the material usually manufactured. There had been so many 
complaints from farmers in the IMiddle 'West about the rapid rusting of 
wire fences, metal roofs, and agricultural machinerj^ that the Depart- 
ment of Agriculture imdertook a thorough and systematic investigation 
of the causes of rust. Examination of the antique irons which survived 
the ravages of rust revealed that the purer the metal, the greater was its 
resistance to rust. However, as no steelmaker had ever been successful 
in producing a pure iron, there were many difficulties involved. Because 
of the high temperatures at which the open hearth would have to be 
operated, steel men were afraid they would “bum up’^ their furnaces. 
Subsequent experiments have proved that, where the bath temperature 
of a heat of common steel was about 2,800 degrees F., the temperature 
of pure ingot iron was approximately 3,000 degrees F. 

The American Rolling Mill Company, which at that time had but one 
little plant in Middletown, Ohio, decided to try- the experiment. In 
1906, they successfully produced tlie first heat of pure iron in an open- 
hearth furnace. Thus the open-hearth furnace was able to produce still 
another useful product for a world turning more and more to metal for 
the fulfillment of its w'ants. 

The electric furnace. As the demand for alloy steel has increased, 
the electric furnace has been improved. As yet, this process can produce 
only a small quantity of steel in one heat. Its use is confined to the 
manufacture of high-priced alloys. Only 1% per cent of today’s steel 
is produced in electric furnaces.^ 

The soaking pits. By now the ingot which we left standing in the 
stripping yard has cooled sufficiently so that the mold can be removed, 
“Stripping” is done by means of an overhead crane which lifts the 
mold, lea^dng the ingot standing on a small car. Another crane now 
carries the ingot aloft to a series of furnaces called “soaking pits.” 
These furnaces virtually sit on the surface of the ground. The doors 


'In order to increase Eteelmaking capacity for defense and other purposes, 
the steel industry has constructed 21 new electric furnaces, all of which are ex- 
pected to bo in production early in 1941. The total capacity of the added electric 
furnaces is estimated at 900,000 net tons of steel ingots per year. This will 
increase by nearly 50 per cent the indiistiy’s electnc-fumace capacity. American 
Iron and Steel Institute, Sled Fads (December, 1940). 
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through which the ingot is charged are located on the top, somewhat 
comparable to tlie freezing compartments of the local ice plant. These 
furnaces deiive their name after the manner in which they perform their 
heating function. The ingots slowly soak up heat until they are uni- 
fornilj’- heated tluoughout. The temperature at which soaking pits are 



Fjg 4 Lifting an ingot from the soaking pit, where it has been ‘^soaked” with 
heat prior to rolling. 

usually operated is from 2,150 degrees to 2,300 degrees F. Coal-producer 
gas, natural gas, or a combination of either with fuel oil is the fuel used 
Rolling the ingot. Most of the operations we have described have 
been of a metallurgical nature, but now the ingot is ready to undergo 
mechanical ehanges, such as being rolled into the shape desired The 
“blooming mill” is the initial i oiling opeiation. It is a reversing mill, 
the ingot passing back and forth through the rolls. I^Iechanical handling 
apparatus lifts and turns the ingot in an almost human fashion. Power 
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is supplied either by huge reversing electric motors or by steam engines, 
often of 15,000 horsepower or even higher rating. 


Making Sheet Steel 


Methods of making sheet steel. Prior to 1750, sheets had been 
hammered from puddled iron. About the time of the Revolutionary 

ar, Heniy Cort, of England, devised a crude rolling mill. It employed 
the principle of a washing-machine VTinger, except that there were 
grooves in the rolls, which reduced the balls of iron successively until 
the proper size was obtained. 

From this point on in the manufacture of sheet metal, comparatively 
new inventions have revolutionized the industr 3 ^ Perhaps it might be 
best, for purposes of comparison, to describe the method of manual roll- 
ing still in use by some companies. 

Forming the bars. The blooming mill rolls the ingot dovm into a 
short thick slab called a “bloom.’’ The ends of the bloom are then 
cropped off, for the}' contain small quantities of impurities. The cropped 
bloom then proceeds down the roll conveyor to the bar mill. Here it is 
rolled into long thin bars', weighing in general from 7 to 54 pounds per 
foot. Standard widths vary between 8 and 16 inches. 

The mill clerk calculates how many sheet bars of each grade and size 
will be required to fill the rolling orders on the sheet mills during the 
coming week These calculations are passed to tlie Blooming Bar Mill 
Department, and tlie long bars are cut up into sheet bars to fill this order. 
Sheet bars are cut in lengths equal to the width of the sheets to be rolled. 

The piclding process. After being transported in slings by an elec- 
tric ovcrliead crane to the sheet mill, these bars arc “pickled” in a bath 
of dilute sulphuric acid to remove dirt and adhering scale. The}’’ arc 
then relicatccl in a “pair” funiace and are ready for rolling in the sheet 
mill. 


The manual-t 3 rpe sheet mill. This type of mill consists of two stands 
of TWO rolls each, one knowm as the “roughing stand’* and the other as the 
'Tmiriung stand.” The pair heater drags two cherry-red bars from the 
heating furnace to the Tvaiting rougher. He grasps first one w'ith his 
tong< and then the other. Alternately, these aic passed back and forth 
between the rolls until they liavc been reduced to the desired size. 
Curio\isly enough, the bars elongate m tlie direction of the rolling impact. 
Kow% instead of a bar, say, 8 inches wide by 30 inches long, we have a 
rough sheet, 30 inches tvide by possibly 48 inches long. 

The pack process. The tw'o partially finished sheets arc next, placed 
under a steam-driven doubling hammer and doxibled together into wlmt 
3s known as a “pack.” Tins, in turn, is placed in the heating furnace 
to ab'-orb more licai before going througli the finishing rolls. 

ben the pack hn^ reached the dc>ircd leinporaturc, winch is largely 
dcterrninrd hy visual examination of tlie lieater, it is dragged back 
w the finidiing stand. Back ami forth between the rolls it goes again, 
je fact that tw‘o ighccts are being rolled at a time doc? not meau tliat 
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they will be hopelessly forged together. The oxides, or tight scale, 
prevents that. When they have reached the desired length and are of 
the proper gauge, the finished pack is dragged away from the opposite 
side of the mill. The men with tongs pull the sheets apart. Usually 
they separate readily enough, although sometimes “stickers” are en- 
countered. 

Operation of the sheet mill. Sheet-mill, or “hot-mill,” assemblies 
usuallj' consist of eight mills to a “train,” four on either side of the drive. 
Their bottom rolls arc coupled together, and they are driven by reduction 
gears. Only the bottom roll is thus actuated, and each top roll is turned 
by friction of the lower roll on the metal passing between them. 



Cmirtcsyt American Roliing Mtll Company 


Fig. 5. A sheet mill of the manual type. 

Sheet-mill roughing and finishing rolls usually range from 26 to 30 
inches in diameter and from 36 to 48 inches long. Jobbing mills on 
which plates are rolled are considerably larger. 

The necks of the lower rolls are journaled in permanent bearings in 
the housings or frames of the mill; while those of the upper rolls rest in 
sliding bearings mounted in guides. The latter are connected with 
individual crews, which terminate above the housings. The turning of a 
large wheel works the screw, which moves the roll and either increases or 
decreases the gap between the rolls, governing the gauge or thickness of 
the sheet being rolled 

Disadvantage of the manual-type mill. A strong back is essential 
to the sheet-mill worker on the old manual-type mill. Moreover, he 
must be a skilled artisan, for each sheet is rolled according to specifica- 
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tiun« dirtalod hy hrind nnd vyi\ Of n <lojrrf<* of onifonTiity 

rannot ihv hand and (ho oyo nro no( roliahir ns (ho 

inarlune. 

Foj (zoncrafion^^, ahort inr-fa! hi)^ bmi ndled in ju**! that way, Thorc 
have many of CortV inethod, but tho hwHv principle ba« 

romain<ai the ‘'aino: men with imu:< have pu‘‘!ird hnvf^ of hteel back and 
forth bctuccn rcvoivine, rulb. Ttadiiiot) record^? (hat 5t wa^** tho Saxmi« 
who tlr^l ntaHteicd the later the WeKh improved m itj thuutrh apj^ar- 
cntly tlu^ir ^^lU'etalty v,a^ the mUiiu: of tin ])!ute. Wlten (!te indu'^tn* 
took root in the Xrnifod many Wel^h %u>rktncn ctniarated from 

tiieir native heath to the lH‘^v Irani A*- hUe a- IWKI, (he hijildy ^jHTin!izef{ 
job of the ltd!,'— urindiim tlnan down to the proper hmt nnd 
eontour — wa- hatidJed ahiU^t cxehbively };y TVcI.rii workmen or their 
erjuluate apprentice-i in the trade, 

The first continuous sheet milk it went until 1022, wlicn The 
American UoUiufj; Mill Company, after many yearr of e\periinentinp» 
built its- (ir-t euntiniiuUK ^heel mill at A>hlHnd, Kentucky. Clf this new 
method, .hdnt D. Knox wrote tlie followiiu: in Stifi: 

Im-v a ia*w dep irturc rendend l)etter tvrvace to mankind tlnn 
thecantmuou-i mill which pennit- to In* di'<patciail throu2;h ''lam! 
after j^tand of m!!" and to W traiia'onued itH<» lU<ar:e ^hee^^’ and ihen 
to be roheiied mul iicutn rodum! to thinner p nnd all tlu^ ncurdly 
eerotnph-hod nuvhanuvdly. Uollrr t:d)k''* take the jdace of toner*' hi the 
nruupulntion of steel into the rolk^ nutomaticallv controlled furnaces 
lake tlie pk-fce of ^weatin^ lnT»ters, No licat-soaked /]t>ors to fndnue 
tlie mil) vTe\\\ and the dkceminj: eye perhaps wHl notice other things 
about the miU tint trienify the reign of a new order and emphnsizc tlmt 
new v'niues have taken the jdacc of (he old. 

The preliminmy ex])erinjenla] work hud revealed that tlie task of 
deri^iing and constructing the first conrinuoiis sheet mill was twofold, 
larst. it was necessary to procure a belter understanding of the character- 
isties of iron in its lieated state wlien passing through the rolls than ever 
before. This involved ]>rolonged anti intricate studies of the clmnging 
conditions in a hot slab or bar ns it passed from roll to furnace and from 
furnace to roll. Second, it was necessary to design s]>ecial production 
and conveying niachinor\* to break down the ingot into a wide thin sheet. 

Operations of the continuous process. The radical difTcrence be- 
tween plants operating the manual-type sheet mill and tho^'c plants 
operating the continuous mills begins after the ingot leaves the soaking 
pits. From that point, sheets arc rolled direct from the ingot. Ingots 
are generally rolled first into ^d^looins” on a rolling mill consisting of 
two or three jiowcr-driven steel lolls. If the mill has two rolls, it is 
called a ^*two-high^^ mill, while those with three rolls arc knowai as “three- 
high.” On a two-high mill both rolls may revolve both eiockwisc and 
counterclockwise, but they always move in opposite directions to each 
other, like a clothes WTingcr. They grip the metal and pull it between 
themselves, as the wringer docs Hie laundry, reducing its thickness and 
len^hcning it proportionalh*, and producing a long barlike bloom from 
a chunky ingot By reversing the direction of the rolls, the steel is 
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pulled back and forth perhaps 20 times. After every round trip or two 
between the rolls, the metal is turned on its side so that all four sides 
aTe thoroughly kneaded. The man in charge, called the ^^roller,” keeps 
the rolls adjusted so that the distance between their surfaces is always 
set to produce the desired thickness of the delivered slab. 

Without reheating, the slabs are hot-sheared to desired lengths, and 
the rolling is continued to the finished strip, making the blooming or 
slabbing mill a part of the rolling line. This method has the advantage 
of conseiwing much heat and is in use successfully in a few mills i oiling 
a limited number of products from a few grades of steel of one type. 



Courtesy, ^vu'ncan Rollwg Mtll Company 
Fig 6 CoIcPstnp mill 


In another and more popular method, the slabs are sheared hot, per- 
mitted to cool, inspected for surface defects, conditioned and assorted as 
found necessaiy, and then reheated and i oiled to the product desired. 
While wasteful of heat, this method i educes the amount of finished prod- 
uct discarded, facilitates the rolling of small orders requiring different 
grades of steel, and permits eaily inspection and elimination of harm- 
ful defects. Other advantages become evident when the matter is viewed 
from a metallurgical standpoint, for the metallurgical problems involved 
in the production of sheets and strip include not only chemical composi- 
tion of the steel but also fuinace, mold, pouring, lolling, and condition- 
ing practices — all of which affect the internal and surface characteristics 
of the product. The cold-slab practice also permits location of the strip 
mills at points removed from the blooming or slabbing mills, and in close 
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proxirnit}’' to the sheet and tin mills, which consume a large part of their 
product. 

The rolling operations arc but one step in the business of producing 
5>lieefs. Sheets in these modem times are being used for many different 
purposes, and it is the manufacturer's responsibility to provide a product 
which will meet the requirements of the buyer. To be able to do this 
will require many and varied treatments henceforth. 

The annealing process. The rolling operations of the sheet mill have 
distorted the grain structure of each sheet. This must now be restored, 
and it is accomplished by annealing. Formerly, this was done by placing 



stacks of sheets under huge cast-iron covers in large annealing furnaces, 
where they were permitted to stand for days exposed to a slow heat. The 
modem process provides for continuous annealing. 

There are two methods of continuous annealing now in popular use. 
In one, the sheets are fastened end to end; but prior to entering the door 
of the continuous annealing furnace, the long strip passes high overhead 
over a revolving drum, and then down again and around another drum 
at the floor level. This throws a loop in the strip . which permits addi- 
tional sheets to be added and allows for time variations in the operation 
of the sheet mill without checking the progress of the material into the 
furnace. The speed with which the long ribbon of metal passes through 
this roaring, gas-fired, pyrometer-controlled furnace usually depends 
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Upon the grade and gauge being manufactured, A more recent method 
for continuous annealing has the sheets piled into a “lift*^ and placed 
into annealing boxes. These boxes then move through large annealing 
furnaces in much the same manner as a freight train passing through a 
tunnel. The tunnel represents the furnace and the cars representing the 
annealing boxes. As each box leaves the furnace, another is added to 
the charging end. The time in the furnace, the speed with which the 
boxes pass through, and the heat of the gas-fired furnace depend upon 
the grade and gauge being produced. 

Removing the scale. Again the sheets must be '^pickled’’ to insure 
a clean, scale-free surface. Great tanks of pickle liquor are next in line. 
On top of each tank is a round drum, and over this flows the long strip. 
It then goes dovm into the cleansing solution and up over the next drum, 
and so on. 

Some of the long strips are rolled into coils. The coils are usually of 
a large enough diameter to avoid undue bending and cold working when 
the strip is uncoiled. The continuous pickling of coils is carried out in 
a continuous operation of several steps varying in different plants. In 
the more recently erected mills, equipment is provided for uncoiling the 
strip, shearing the ends to square them, stitching the ends of different 
coils together, convejung the strip through the pickling tanks, rinsing it 
with water to remove the ferrous sulphate solution that adheres to it, 
drying it, shearing out the stitching, and recoiling it. 

Cold rolling and re-annealing. From this point on, the customer's 
requirements determine what succeeding treatments are necessary. Some 
uses for sheet metal require that it be cold-rollcd and re-annealed, *^Cold 
rolling^^ is just what the name implies: the cold sheets arc passed through 
revolving rolls. Re-annealing is usually necessary to remove the strains 
and stresses imparted by cold rolling and to give the sheets a soft texture. 

For certain finishes the sheets must have a bright, or deoxidized, sur- 
face. This is accomplished by controlling the atmosphere within the 
annealing box during its trip through the furnace. Perhaps the sheets 
may have to be cold-rolled again. Not only is the surface improved by 
cold rolling, but the elastic limit, tensile strength, yield point, and other 
physical properties are also improved. 

Testing physical properties of the sheets. A field laboratory near 
these various sheet-finishing departments is equipped with modern test- 
ing instruments and a staff of trained metallurgists, who maintain a con- 
stant check on the various physical properties of the sheets in process 

Flattening the sheets and protecting the surfaces. Some sheets 
must be very flat. This is accomplished either by “roller leveling,^' or 
passing them through a series of small rolls, or by “stretcher leveling,” 
which is done by clamping both ends of a sheet in a machine which pulls 
it taut. Still other sheets must be coated with oil, to prevent marring 
of the surface or rusting in transit. The sheets are then sheared to the 
exact size desired. 

Final inspection of sheets. The final operation before the sheets are 
loaded into the car is inspection. Under specially designed lamps, 
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trained inspectors scan each sheet for possible defects whicli have escaped 
the eyes of the operators. Samples are taken from time to time and 
tested by the metallurgists in the field laboratory. 


American Rolling Mill Company’s Contribution to the 
Steel Industry 

Of the ARMCO continuous sheet mill, The Iron Age states: 

In refernng to the description of the much talked of but little known 
Ashland plant of The American Rolling Mill Company, the impulse is 
to write m praise of such a notable departure in sheet rolling and to 
enlarge on its economic importance. What checks such expression is a 
fear of overstating the case, so epochal seems this and other contribu- 
tions now being made to the rapid rolling of thin, wide steel sheets 
and strips. 

What will the continuous process mean to a world ever finding new 
uses for sheet metal? Continuous units are producing vastlj’' more than 
the old manual-type mills and arc making available sheet metal of bet- 
ter quality and at lower costs than prior generations ever dreamed of. 

Following the great success of ARiMCO’s continuous mill in Ashland, 
other large steel companies installed the process. Today, 27 of these 
big continuous mills have been constructed * in the United States, and 
their total cost lias amounted to $550,000,000. 

In addition to installing continuous mills in their plants at Middle- 
town, Ohio, and Butler, Pennsylvania, The American Rolling Mill Com- 
pan 3 " has granted licenses to the other leaders in industr 5 ^ These com- 
panies include the United States Steel Corporation, Youngstown Sheet 
and Tube Company, the Inland Steel Company, Otis Steel Company, 
Gulf States Steel Corporation, T\Tieeling Steeling Corporation, Great 
Lakes Steel Company, Weirton Steel Compan}’*, the Republic Steel Cor- 
poration, Allegheny Ludlum Steel Company, Bethlehem Steel Corpora- 
tion, Granite City Steel Company, and Jones and Laughlin Steel Cor- 
poration. 


Steel Production of the United States 

As world consumption for iron and steel products has increased, the 
productive capacity of the steel plants has kept pace vdth it. Indeed, 
certain economists insist there is a perpetual state of overproduction 
in the industry’ and point out that the industry is “either rich or in rags.” 
However, the industry must be ready to meet great production demands 
on short notice when emergencies arise, such as the immense armament 
program begun in the fall of 1940. Since the First World War, which 
brought out many applications for iron and steel, the productive capacity 
of the countrj^ has grovm by leaps and bounds. Production reached its 
peak in 1937, when the flat-rolled, lightweight products alone reached 
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the staggering total of 21,834,272 net tons. The amount can be classi- 
fied as follows: 


Product Net Tonnage 

Sheets and plates® 16,721,272 

Tin piate^ 2,869,963 

Stnps<= 3,243,028 


® A product 3/16 of an inch or more in thickness. 

^ Tin plate is the product of a tm mill. Gauges are 
usually very light, ranging from 38 gauge to 15 gauge. 

Limited to 14 square feet on surface area (Extreme 
width IS 32 inches: extreme length, 84 inches ) 

° Limited in width to 12 mches maximum in 1939. 

To this sum should be added the tonnage of the heavier items— such as 
structural steel, rails, bar shapes, and other miscellaneous items — ^\vhicl? 
brings the gross production for the peak year, 1937, up to 41,178,356 
gross tons. This amount does not include the tonnage of forged iron, 
wrought iron, cast iron, and other miscellaneous iron and steel prod- 
ucts. Production in 1940 is expected to exceed that in 1937." 

Important allied industries. This chapter would not be complete 
without some reference to two allied industries upon whose develop- 
ment the sheet-iron and steel industry has depended to a large extent 
for the more recent increased consumption of steel-mill products. The 
great strides made by the welding industiy has made possible new uses 
for all classes of iron and steel products, from the heaviest structural 
members to the lightest sheets. Perhaps we are all more intimately 
familiar with what the porcelain-enameling industry has done. In every 
home we see gleaming examples of porcelain enamel fused on iron and 
steel sheets. Stainless steel, too, must be considered, as in recent years 
its applications have multiplied many times. Though the tonnage of 
stainless steel is relatively small, it plays an important role in our 
everyday life. 

Everywhere we go, we see iron and steel at work in the seiwice of man- 
kind. Our ocean liners, great locomotives, steel-skeleton skyscrapers, 
automobiles, and great bridges are all monuments to the industry. Then 
there are the thousands of smaller applications — such as culverts to drain 
our roadways, iron caskets and grave vaults, radio, great electrical 
machinery, kitchen ranges, stainless-steel cutlery and tableware, dairy 
equipment, tables, tanks, ventilating systems, furnaces, tubs, barrels, 
electric refrigerators, roofs, gutters, downspouts, and countless other prod- 
ucts to utilize the output of our great steel mills. 

Disposition of rolled iron and steel products. There may be some 
question in the reader’s mind as to just where this vast output is used. 
According to The Iron Age, the 1939 distribution of rolled-iron and steel 
products consumed in the various industries was as follows: machinery, 
3.7 per cent; containers, 8.5 per cent; agriculture, 2.5 per cent; export, 

* Added new facilities for production, of steel for defense and other purposes 
include now electric furnaces to produce 900,000 net tons of steel ingots per year 
and 1 300,000 tons of additional capacity for producing open-hearth steel. 
American Iron and Steel Institute, Steel Facts (December, 1940). 
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6.4 per cent; oil, gas, water, and mining, 5.3 per cent; building and con- 
struction, 14,6 per cent; railroads, 9.5 per cent; automotive, 16.7 per 
cent; and all others, 31 3 per cent. 

Important by-products of the steel industry. A branch of the iron 
and steel industiy" productive of many valuable by-products is that of 
the coke ovens of the blast furnace. When the blast furnace turned 
from charcoal to coke as a fuel, it tapped a rich and unsuspected b^^-prod- 
uct mine. At the close of 1939, according to a' surrey by the American 
Iron and Steel Institute, there were only four charcoal furnaces in the 
United States. There is a common saying that the by-products of the 
coke ovens are worth as much as the coke the furnace produces. This 
statement is debatable, but the by-products do constitute a rich source 
of revenue. Coal gas is one of the chief by-products. This is washed, 
stored, and sold to industries and mimicipalities. Other valuable prod- 
ucts are tar, ammonia, and ammonium sulphate, which is a fertilizer 
high in nitrogen. Even the slag from the furnace is granulated and 
sold as an aggregate for concrete and road building. The remainder of 
the industry is not so fortunate. Its chief source of by-product revenue 
is derived from salvaged or degraded material. 

Marketing Steel Products 

Perhaps in no other line of endeavor are the marketing activities so 
ramified. This can easily be accounted for, since iron and steel are 
basic products and are not sold directly to the ultimate consumer. Par- 
ticularly is this true of the high-grade sheet section, where a knowledge 
of operating conditions in customer industries is absolutely essential. 

Salesmen and research workers must not only be specialists in the 
operations in customers' plants but must also be thoroughly familiar 
witli the manufacture of iron and steel, because sheets are usually sold 
viiih a guarantee to stand the drawing or forming operations with a 
definite, specified breakage tolerance. This situation naturally requires 
technical experience on the part of the salesman, and it has resulted in 
attracting many engineers to the distribution end of the business. 

Domestic sales organization. Sales activities are usually organized 
by establishing district offices in convenient locations over the countr5\ 
These offices are presided over by district managers, whose salesmen 
keep in constant contact with the buyers and familiarize themselves with 
the changing conditions in that particular market. A home sales depart- 
ment is maintained in the general office for the purpose of expediting 
orders, passing on information to district offices, advertising the product, 
and making special contacts with customers. The activities of subde- 
partments are usually devoted specifically to promoting the sale of some 
particular grade of material. The actual selling activities are under the 
supervision of a general sales manager, while a vice president in charge 
of distribution coordinates all sales, advertising, and promotional efforts. 

Export practices. In export work, the trade customs conform to those 
established in the country in which the buyer i& a resident. Some of 
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the larger cou^panics have export offices all over the world; at one time 
tlic export bu^inc^^ was handled by shipping agents in Kew York. Later, 
separate export corporations were organized by several of the leading 
concerns. 


Manufacturing Rails, Structural Steel, Bars, Wire, and Pipes 

Rails. Kailroads consume approximately 9^^ per cent of the entire 
steel output of the United States, steel rails making the major portion of 
this figure. 

A description of the opcii-hcartli furnace operations was given in 
]>rcviou^ paragraphs. Up to that point the manufacture of rails re- 
sembles that of sheet steel. The molten steel is poured into the molds. 
After cooling, the ingots aic stripped of the moids and conveyed to the 
soaking pits, where they remain for approximately hours, tlic exact 
time depending upon the particular kind of steel. Y'hcn the ingots have 
soaked up sufficient heat to be set and arc of uniform heat througiiout, 
the operator of the soaking pit raises the temperature vciy carefully until 
the ingot reaches the correct tcinj^erature for rolling. A crane now 
reaches down, lifts out the ingot, and places it on the mill table, ready 
to enter between two great revolving rolls, which are 3 feet in diameter 
and 10 feet long. The steel ingot, aided by the revolving rolls of the 
mill table, passes through these water-cooled rolls, its movements con- 
trolled by a set of levers operated from a platform so located that the 
operator has an unobstructed view of the ingot and the mill table. Its 
movements still controlled by levcns, the ingot is mcclianically turned 
over, the mill is reversed, the ingot comes back, and is again drawn 
througli the rolls. Several times the ingot is passed to and fro through 
the mill; with each successive operation, it grows thiimer and thinner 
and greatly increases in length. When the ingot has been rolled until 
it is but a quarter of its original thickness, it is passed down a runway 
and over conveying rolls to the blooming shears, which cut off the rough 
ends and cut the bar in two. 

These pieces then pass on to the first roughing rolls. As the piece of 
steel emerges from the rolls, it shows, for the first time, a resemblance 
to the rail it will eventually become. The steel passes three times 
through these first roughing rolls, then once through a second set of 
roughing rolls, and once through dummy rolls; it is then ready for the 
finishing rolls. After it is passed four times through the finishing rolls, 
the long rail emerges and is cut into proper lengths b 3 " circular saws. 
The rails arc then cooled and straightened, ready to be loaded into cars 
and shipped. 

Structural steel. Approximately sy^ per cent of the steel output of 
the United States is consumed in structural steel. This type of steel is 
made in practically the same manner as rails. The structural steel is 
shaped into I-beams, channels, and angles in rolls specially designed 
for the purpose. This steel is shipped to the various fabricating plants, 
where it is converted into numerous commodities. It is used for building 
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construction, sul)wa 3 ^s, bridges, ships, and for ninny other important 
purposes. 

Bar steel and wire. In a similar manner ingots arc rolled to the 
desired dimensions and cut into billets. These billets are then re-lieatcd 
and rolled into rods through a series of mills. Rods maj" be further 
converted into wire or wire products bj" what is known as the '*col<!- 
drawn jiioccss/* This is accomplished liy drawing the rod through a 
series of steel dies wdth holes of various sixes until it has been reduced 
to the desired diameter. It is then heat-treated to give it the phj'sical 
characteristics desired in the product for which it eventually will be 
used. These products vary from wdre fencing, steel cables, and springs 
to fine wdre nails and high-grade music wdre. 

Pipes and tubes. BillcLs are shipped in carload lots to the pijic manu- 
facturing plants, wdiere they arc lieatcd in furnaces and then rolled flat 
to the exact wddth and thickness desired, depending upon the pipe which 
wdll be made of them. This strip of metal is known ns “skclp.*' 

Pipes and tubes arc of two general classifications, commonlj* Icnowm ns 
‘*w’cldcd^^ and “seamless.’' The welded pipe is manufactured by Uvo 
processes, butt wxld and lap weld. Pipes from % of an inch to 3 inches 
in diameter are usually produced by the huit-'weld process, wdiich con- 
sists of drawdng a heated skelp through a bell-shaped die, know’n as a 
‘Voiding bell,’’ which brings the edges of the skelp together and unites or 
w’clds them bj' the pressure of the die. 

Pipe sizes from 1% inches to 30 inches in diameter are manufactured 
b 3 " the lap-weld process, which is accomplished b^" passing the chcriw’- 
red hot skelp through cither a set of three rolls or a die. In this process, 
a rough tube is formed with one of the edges overlapping the other. It 
is then heated to a welding heat and passed through tw’o half-round rolls, 
which together arc the exact size of tlie outside diameter of the pipe. In 
the inside of the pipe is placed a steel sphere, w’hich, in diameter, is 
exacts the size of the inside dimension of the pipe. As the rolls pass 
over the hot lap with the sphere inside the pipe, the action of the rolls 
on the lap over the s])herc is similar to that of a sledge striking a piece 
of steel on an anvil, and the edges of the pipe arc w'clded together. 
Finallj^ these pipes are sized, straightened, and tested, after w^hich thej' 
are read}’' for shipment to consumers. 

Seamless tubes are made hy one of two processes comraonh* knowm 
as the “cupping method” and the “piercing method.” The cupping 
process consists of cutting a hot steel plate in a circular or disc fonn 
and placing it in a gas- or oil-heated furnace until it reaches the required 
temperature. It is then placed in a h 5 ^draulic press, formed into the 
shape of a cup, and finallj* elongated to the proper dimensions. The 
piercing process consists of forcing a hot cylindrical billet over a pointed 
naandiel and rolling it to the desired dimensions. The rough ends of all 
pipes are trimmed ofi, and in some cases the pipe is threaded and a cou- 
pling screw’od on one end. 

For all ordinary purposes butt-w*eld pipe is used, but in cases where 
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the internal pressure is high, as in hydraulic lines, high-pressure steam 
lines, gas lines, and oil lines lap-welded pipe is utilized. 

i 

The Financial Structure 

The financial history of the iron and steel industry is much like that 
of any other industry. In the early days, companies were privately 
owned. Later, when it was necessary to secure additional outside capi- 
tal, bonds and preferred stock were issued. It was not possible to secure 
capital without some preferential guarantee, because of the hazards of 
the industry. When the modern corporation came into existence and 
efficient methods of distribution and manufacturing were developed, 
common stock was offered to investors. 


Personnel 

The industry employs men of all trades and professions, from the 
ditch digger in the plant to the international banker who is on the board 
of directors. It is the bread and butter of 655,536 people in this coun- 
try, according to figures compiled in 1939 by the American Iron and 
Steel Institute. This does not include the thousands employed in the 
foundries, refractory plants, scrap* yards, coal mines, and other indus- 
tries affiliated as sources of supply. Competition and the necessity for 
reduced manufacturing costs led the industry many yeans ago to adopt 
cooperative and humane policies in dealing with personnel. Safety and 
training are stressed to the fullest degree. Group life insurance and 
mutual benefits for the sick are provided by most companies. Some 
concerns provide the workers with free medical service. EmploA’^ees are 
encouraged to improve their technical and job knowledge, and many 
companies reward the diligent Avith better jobs The 8-hour day has 
been in effect for a long time. 

Health conditions. Steel has ever provided a romantic background 
for fiction, and many false impressions have been formed For example, 
it was commonly supposed in years gone by that any one who worked in 
a steel plant was bound to die an early death, either by accident or be- 
cause of broken health. The steel industry has shown that this was an 
illusion. Fewer accidents occur in the average steel plant than on the 
city or Aullage streets, and occupational diseases are raie. It is true 
that, in the old days, much physical effort was required of the Avorker, 
and strains and hernias were quite common. HoweA'^er, labor-saving 
machinery has reduced this danger to a great extent. The steelworker’s 
chief health hazard today is the heat. Too rapid a change from the 
hea,t of the furnace to the raw outside air is sometimes the cause of the 
common cold and its complications, but this disease is found in all indus- 
tries. In certain branches of the industry — ^foundries, for instance — sili- 
cosis may be contracted from silica dust taken into the workmen’s lungs 
from the air. Most companies today carefully and periodically check 
all men who are exposed and provide other safeguards against silicosis. 
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Statistics of the Steel Industry 

According to the Amcrienn Iron nnd Steel Institute, the bulk of the 
stcelmnking capacity of the United States is concentrated in the hands 
of but nine companies. Without regard to the class of products manu- 
factured, these leading companies and their respective ingot capacities 
for 1938 arc given ns follows: 


Covxj[^ny Nei Torxnagt 

United States Steel Corporation 2S,S85,000 

Bctldehcm Steel Company 11,280,000 

Republic Steel Corporation 7,280,000 

Jonc-s and Jiauf^hlin Steel Corporation 4,112,000 

National Steel Corporation. . , 3,808,000 

Younp^stown Sheet and Tube Company 3,401,000 

Inland Steel Company ... 3,001,000 

Tlic Amorienn Rolling Mill Company 2,015,000 

Wliecling Steel Corporation . ... 1,900,000 


Figures obtained from the same source show that the ingot capacity 
of the United States was increased by 19,306,000 net tons during the 
period from 1920 to 1910. 

Jhe Future of the Steel Industry 

'SVhat is ahead for the iron and steel industry"? Can it continue to 
grow? No one knows the answer, but history reveals that it has always 
progressed. New outlets for metal must be found; indeed, many devel- 
opments are under way at this very moment. It docs not seem unlikely 
that some not far distant day our dwelling houses will be of iron and 
steel. Alany such houses are already standing in this country^ prov- 
ing their practicability. Skyscrapers clothed in Jacob’s coat of many 
colors, of porcelain enamel on iron, may line the horizon. Highways on 
an iron base may some day line the countryside. Iron and steel may 
be used in conjunction with the new plastics industiy, which is so rap- 
idly growing. Alore and more of our furniture may be made of iron and 
steel. Cribbing made of iron sheets has already been developed to 
protect banlcs from stream encroachment. SpiraUwcldcd pipe is now 
being used for water, stem, gas, tad air; gas, for instance, travels from 
Texas to Chicago through this pipe made from sheets. And so it goes. 
The engineer and the research man are working shoulder to shoulder 
creating new markets, broadening old. In their hands lies the future 
of the industry. 
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The Copper industry 


Prom the dawn of civilization on, through medieval and modern times, 
copper has been the world^s most versatile metal. Copper or one of its 
alloys has a part in almost every phase of our industrial and everyday 
life. We do not have to look very far before we encounter something of 
vital importance in our work or comfort in which copper, in one form 
or another, is in service. 

The electrical current which lights our rooms is generated by equip- 
ment in which copper has a vital part, and it is carried to us on copper 
wires. Our telephone lines and cables are copper. If the house in which 
we live is well constructed it may have a copper roof; at least, it will 
have copper gutters, flashings, and doumspouis. Our transportation 
systems would be far less efficient without the use of copper and brass, 
brass being an alloy of copper and zinc. Brass and copper pipe and tube 
carry water into our homes and enable it to be circulated rust-free for 
our convenience. Our modern mechanical refrigeration and various 
forms of heating systems, including radiators, make effective use of this 
metal. Copper or one of its alloys is used in the construction of locks 
that keep us secure against intruders at night. Bronze, which is the 
alloy of copper and tin, is used to ornament the important buildings that 
hold our art treasures or from which are conducted the affairs of the 
Government. 

Since the earliest recollection of man, copper, brass, and bronze have 
had a part in our scheme of life; but it has been only within recent years 
that their field has been broadened to embrace almost every phase of 
our existence. New developments are under way in this ever-progressive 
industry that will further extend the field. Additional uses of copper 
will come through the discovery of new copper alloys and the perfection 
of further applications, particularly in the sphere of building construc- 
tion. 

In a sense, copper has had a part as great as, if not greater than, any 
other commodity in determining the status of our present independence 
and well-being. It has determined the outcome of wars. It has been 
said that the nation that goes to war without an adequate supply of 
copper, for use in munitions and the maintenance of quick communica- 
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tion, is as badly o£f as a nation *svithout a competent general staff. The 
collapse of the Central Powers in the First World War was probably due 
as much to their shortage of copper as to any other one factor. 

Early History of Copper 

Copper is the world oldc.'^l metal. Archaeological research has led us 
to believe that it was used by primitive people at least 8,000 3 ^cars ago. 
Perhaps it was kno\s'n some thousands of years before that -time. Much 
of the early history of the human race has been divulged to us by copper 
relics that have come domi through centuries. 

The Bronze Age was a distinct era in histor}^ succeeding the more 
primitive Stone Age, Archaeologists and metallurgists are not in agree- 
ment in their theories as to how the people of the Bronze Age developed 
this alloy of copper and tin, but it is possible that it was discovered by 
accident in some primitive smelting process. 

At any rate, there is evidence that copper metals were used in ancient 
tunes in Europe, Asia, and the two Americas. Perhaps it was in Aleso- 
potamia or in Eg>"pt that man first became acquainted with the metal 
and used it. Relics have been found indicating that the Eg^-ptian king, 
Seneferu, worked some copper mines about 3700 b.c., but obviously that 
w'as a late period in the use of the metal. 

Copper w^as in service in Fiorth America before the discover}^ of Amer- 
ica by Columbus. Various articles of copper manufacture have been 
discovered in the works of the mound builders. The chief source of 
supply was the vast Lake Superior deposits, stories of which came to the 
whites soon after the settlement of the American colonics. Many years 
later these deposits became the center of extensive commercial develop- 
ments. 


Copper Developments of the Nineteenth Century 

From about 1844, which date saw the real beginning of, Americans 
copper industry, the Lake Superior region gave us most of our copper, 
with ^lichigan leading as a copper-producing state. 

In 1864, a small pit left open by some forgotten miner was discovered 
in Montana; and, presently, through the initiative of Alarcus Dah% this 
section was developed into the now famous mines of the Anaconda Com- 
pany. A contemporary’’ pioneer in this enterprise was the late Senator 
W. A. Clark. It was not until 1875 that any veiy systematic develop- 
ment of copper mines took place here, although there had been a small 
production before that date. In 1880 came a marked increase of produc- 
tion, amounting to a total of 1,000,000 pounds in the year; but active cop- 
per mining did not really begin until 1882, when the yield was 9,000,000 
pounds. The first railroad connection with the rest of the world had 
been completed in the preceding December. Since then the relative im- 
portance of copper, silver, and gold has been exactly the reverse of yvhat 
it was in the pioneer days of the state. The yearly output from the 
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mines of the Butte district now amounts to hundreds of millions of 
pounds of copper. Silver and gold arc produced as by-iiroducts. 

It is interesting and significant that the year 18S0, which marked the 
beginning of ^Montana's important copper output, saw also the beginning 
of progress in tlie use of electricity and the development of electrical 
industries, with their need for large supplies of copper. ^AHiilc the copper 
industry lias made possible the marvelous electrical dcr’elopments of the 
present day, it has in turn greatly benefited by the use of clcctric-powcr 
niachinciy and the electrolytic method of refining. It is of special local 
interest that the ore is brought from Butte to Anaconda on a railroad 
that has been electrified since 1912-1913 and has the distinction of being 
the first railroad m the world to attempt high-voltage (2,400 volts), 
direct-current operation. 

It was in the seventies and eighties of tlic nineteenth century iliat the 
American copper industry became firmly entrenched and was on iis way 
to world leadership The development of copper mining in Arizona 
began about 10 years Inter, and tins state has for many year.', Ijcen the 
principal copper producer. Utah now ranks second; Ivlontana, third. 

One of the romances of the industry was the perfection of a process 
at the beginning of the present century by which copper could be ex- 
tracted jwofitably from the so-called '^porphyry orcs/^ These ores aic 
of low grade, sometimes containing 1 per cent or less of copper. They 
arc among the important sources of the metal today. A huge mountain 
of i)or})hyiy ore exists in Utah and is worked as an open-cut or surface 
mine It yields most of the copper produced in Utah, which ranks sec- 
ond among the copper states. This development was due largely to the 
work of D C. Jackling, president of the Utah Copper Company, and to 
R. C. Gemmel. There arc also large porpliyry copper deposits now 
worked in Arizona, Nevada, and New Mexico. 

The World's Copper-Producing Areas 

America’s contribution to world production. America leads the rest 
of the world in the production of copper. Figures for 1929, the peak 
year in American copper production, show that the copper mines of the 
world pioduced 2,118,209 short tons, of which, in general divisions, 1,249,- 
998 came fiom North America, 410,901 from South America, 167,474 
from Europe, 172,561 from Africa, and 91,989 from Asia Of tlie North 
American output, that of the United States amounted to 1,026,348 tons, 
or approximate!}" half of the world’s total production. In South America, 
Chile produced 349,221 tons. 

From the most recent figures available, those for 1939-1940, it is found 
that, whereas the total annual production of copper- for the world in- 
creased somewhat over that given above for 1929, the production from 
the United States alone has dropped from about one half to approxi- 
mately one tliird of the world’s total. 

Africa’s contribution to world production. Africa is an important 
factor in copper production through the development of large deposits 
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in the Katanga region of the Belgian Congo and. more especially, in 
Northern Ehodcsia, which now produces from two to three times as mtich 
as the Congo. 

World’s largest copper deposit. The largest copper deposit in the 
world is in Chile, and it is owned by Americans. Chile supplied the bulk 
of the world’s copper in the period prior to the development of the North 
American industry" and today ranks second only to the United States in 
output. Canada has become an important producer since 1930. ^Mexico 
and Peru are other American countries that produce copper. ♦ 

Spain has a famous copper mine, Rio Tinto. which was worked by the 
Phoenicians before 1200 b.c. It is still producing some copper, but Serbia 
now leads the European countries in output. 

Important American copper interests. In the United States, the 
three chief producers arc the Kennccott Copper Corporation, Anaconda 
Copper Mining Company, and Phelps Dodge Corporation. Each of 
these groups operates several mining iiropertics, either directly or 
through subsidiarj^ corporations. 

Copper Mining 

The methods employed in copper mining vary widely in accordance 
with conditions under which the ore is found and with its character. In 
surface mining, the ore is first broken by blasting and then loaded by 
large mechanical shovels, usualh’- electrically driven, into railroad dump 
cars for transport to concentrator or smelter. In underground mines, 
shafts arc sunk to reach the ore body. From these, horizontal openings 
known as “drifts” and “crosscuts” are driven in the ore body and con- 
nected at intervals with vertical openings (raises), thus dividing the 
ore body into blocks. There are many different methods of mining such 
blocks. Some underground work extends to great depths — over a mile — 
and there may be several hundred miles of lateral workings in a given 
mine. 

Open-pit mines. To the uninitiated, the surface mine is the more 
spectacular, for there it is possible to behold activities of the enterprise. 
The rapid operation of the electric shovels, dumping the ore into cars, 
keeps pace with the shifting of -ore-laden trains over tracks that lead 
directly to the mills and smelters. These surface workings are busy hives 
of industry with their network of rails, which are constantly shiRed to 
enable the shovels to get at the ore Not too far off from the work there 
may be offices, workshops for repairs, and many other buildings, includ- 
ing houses and places of entertainment for the employees and schools 
for their children. 

Underground mines. All of these features likewise exist in under- 
ground operations, although they are not really seen by the visitor at 
the mine Far below the surface are underground railroads, where elec- 
tric locomotives haul the empty ore cars to the chambers or slopes where 
miners are at work. Ventilating and pumping machiner\^ to make the 
mines livable and free from water, are in operation wherever needed. 
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The ore is loaded into cars and hauled to the shaft; is dumped into 
skips, which may hold several tons; and is hoisted to the surface, some- 
times at the rate of almost a mile a minute. 

Concentrating and Smelting Copper Ore 

There are three general methods of obtaining copper from ore. 

The first method is common in the Lake Superior region, where the 
copper in the ores occurs as ^^native^’ copper — metaL The ore is 
crushed to suitable size and then sent to a concentrating milk There 
jigs, ore-dressing tables, or flotation machines separate the copper from 



J?cproff«cC(I bj; courtesy of AtiacotuJa Copper Mininp Vo 
Fig. 1. The copper-ore process 


the waste. The copper concentrate is then turned over to the smelter 
to be melted in reverberatory furnaces. Air is blown through the 
molten mass for the purpose of oxidizing impurities that are slagged off. 
The molten copper is then subjected to a reducing action and, finally, 
when brought to the proper pitch, is cast into commercial shapes known 
as ^^cakes/' ^'billets,'' and “wire bars.” 

A second method of treating copper ores is by “leaching.” This is used 
most frequently for oxidized copper ores. The ore is crushed and placed 
in large vats, sometimes having a capacity of more than 10,000 tons. 
Leaching solutions, which are acidified with sulphuric acid, are allowed 
to percolate through the ore; the acid leaches out the copper in the form 
of a copper-sulphate solution, which in turn passes to the electrolytic 
tank house, leaving behind the waste or “tailings.” In the tanks in the 




426 


THE COPPER INDUSTRY 


tank house, an electric current flows from insoluble anodes through this 
copper solution and deposits metallic copper on cathodes. These cath- 
odes, after being suSiciently built up with copper, eventually go to re- 
verberatory furnaces for melting and casting into commercial shapes. 

The third method is used for treating ores in which the copper occurs 
principally as copper or copper-iron sulphides. These ores are crushed 
and concentrated usually by the “flotation process.” The concentrates 
may be smelted “raw” in a reverberator}^ furnace or may first be sent 
to a roasting furnace for the twofold purpose of eliminating some of the 
sulphur and effecting oxidation of impurities. After the addition of 
proper fluxes, the charge is melted in reverberatoiy furnaces to a liquid 
state; the floating slag is removed through a taphole at one side of the 
furnace; and the “matte,” which is a copper-iron sulphide containing such 
gold, =:ilvei. and platinum as may have been present in the ore, collects 
in the bottom of the furnace and is tapped periodically into ladles. In 
its molten ‘=itate, the matte is dumped into converters, where it is “Besse- 
menzed ” In this process, air is blovm through the molten mass and, 
coutrar}" to what might be expected, the ma>ss is not cooled but heated, 
owing to tlie oxidation of the sulphur and iron content. Ttvo products 
result: copper and a slag composed principally of silica iron, and alumina, 
along with a small portion of copper that is later reclaimed. Copper 
produced by this method is knowm as “blister copper,” because, when 
cast, the entrained gases bubble out and form blisters on the surface of 
the pigs. Blister copper, usually contains about 98 per cent copper. 
Ordinarily, it is subjected to a further fire-refining process and then cast 
into anode form. 


Refinins of Copper 

Anodes arc suspended in tanks filled wuth an acidified copper solution; 
electric current is passed through the anode, which causes copper to be 
taken into solution and deposited at the cathode as pure copper, the im- 
purities and precious metals dropping as a slime to the bottom of the 
tank for further treating or being dissolved in the solution, wdiich there- 
fore requires purification before re-use. The electrolytic cathodes aie 
removed from the tanks periodically, melted in reverberatory furnaces, 
and cast into commercial shapes. 

The commercial shapes of refined copper. Commercial shapes of 
copper are of the form, dimensions, and weight best suited to the purpose 
for w'hich the copper is to be used. Refined copper is used in many in- 
dustries, such as the manufacture of brass and other alloys, copper- 
rolling milU, w'lre-drawing mills, tube mills, and so forth, and each in- 
dustry bus designed and specified for its own particular use special shapes 
of lefined copper best suited for its puriiose. 

bigot i,. Copper ingots are used primarily where the copper has to be 
remelted m crucibles either for the making of copper castings or for the 
manufacture of alloys such as brass, bronze, nickel-silver, and so on. 
Ingots, tlicrefore, are of a shape that null readily fit into crucibles; they 
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are about 10 inches long and weigh approximatelj'' 20 pounds. They are 
made with a notch in them to facilitate breaking w^hen necessary. Being 
small, ingots are difficult to handle and ship in large quantities, and ingot 
bars are often used instead. An ingot bar may be considered as two or 
more ingots in one bar, which, owing to the deep notches, are readily 
broken apart. 

Tf^ire bars. Wire bars, the most popular form of refined copper, are 
used by wire mills for the drawing of copper wire. These bars are gen- 
erally ca^t with pointed ends in order to facilitate the bar entering the 
first set of rolls. The size and weight of wire bars var 3 »’, but their di- 
mensions and weights are being standardized. The 225-pound bar and 
265-pound bar, both of which are 54 inches long, are the sizes most com- 
monly used. 

Slabs and cakes. Slabs and cakes of various sizes are used for rolling 
purposes, where sheet copper, strips, bus bars, and so forth are the final 
products. The sizes of these vary greatly, depending on the sizes and 
weights of the finished product required. Circular cakes are used for 
the manufacture of large, seamless, cylindrical products such as kettles, 
tanks and other vessels. 

Billets, Billets are used for the manufactuie of seamless copper tubes 
of all sizes. Billets vary from 2 to 6 inches in diameter, and go up to 52 
inches in length and 1,600 pounds in weight. 

Precious metals. The functions of a copper refinery are Wofold: 
(1) to produce high-grade copper metal’, and (2) to recover from the 
blister copper the precious metals that it contains. It is estimated that 
about 80 per cent of the total silver production and 15 per cent of the 
total gold production of the world are recovered as ‘ by-products from 
copper, lead, nickel, and cobalt refining. 

In the clectroljdic refining of copper, all the precious metals originally 
in the anodes drop to the bottom of the tanks dmlng the process of 
electrolysis and are known as * ^slimes,” or ‘^anodc miid.^' When the scrap 
anodes are lifted from the tanks, after approximate^ 30 da^^’s of elec- 
trolysis, the slime is swept from the bottom of the tank and pumped to 
the silver refinery. Tlie slime will vary considerably in composition, 
depending upon the grade of blister copper refined. A typical slime will 
have about the following composition: 


Metal 

Per Cc7l^ 

Ounces Per Ton 

Silver 

43.23 

12,610 

Gold 

234 

6S.4 

Copper 

13 86 


Ai sonic . . 

... 3 88 


Antimony . 

2 46 


Soloniuni 

. . 1 4G 


Telluimm: . . . 

6.14 


Lead 

. . 3.96 


Bjs>muth 

0.26 

/ 

Iron 

0 22 


Nickel 

. . 0 27 
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Methods of Fabrication 

The product of the refineries goes to the fabricating mills in the com- 
mercial shape best suited for the special purpose of manufacture. Cop- 
per cakes go to rolling or sheet mills, billets to tube and pipe-extrusion 
mills, and bars to the wire mills. 

Sheet copper. In the sheet mills, the cakes are heated in oil-fired 
furnaces, after which they pass through a series of rolls. They are then 
cold-rolled in another set of rolls, passed forward through one set and 
back through another, each pass reducing the thickness of the sheet and 
increasing its length, the process being continued until the desired thick- 
ness is reached. The final sheet product, by various treatments, may be 
either hard- or soft-tempered. 

Copper wire. In the manufacture of copper wire, bars from the re- 
finery are placed in a preheating furnace until they have reached the 
proper rolling temperature. They are then fed to a rolling mill, to be 
reduced in diameter and elongated. The bar then passes to intermediate 
and to finishing rolls, becoming smaller and smaller in diameter, and get- 
ting continually longer until it is finished as a wire rod in coils. The 
rod in turn goes to the wire-drawing machines, where it is pulled through 
a series of dies, each smaller than the last. Copper wire can be drawn 
as fine as, or even finer than, .008 inches in diameter. Tor making wire 
to be furnished in long lengths, it is necessar^^ to join a number of rods, 
which is done by brazing them with silver solder before drawing. A 
sufficient number of rods are brazed so as to produce any length of fin- 
ished vdre which may be required. 

Copper tube. Often, copper tube is manufactured by means of a 
piercing mill. Here a heated billet encoimters a steel point on a long 
rod. Rollers give the hot metal a powerful forward motion, forcing it 
over the point and forward over the rod. A thick and irregularly shaped 
tube is thus formed. An extrusion process for producing tubes is also 
used, as is a method of utilizing cast cylindrical shells. The tubes are 
then draTO through dies for further shaping, and the tube becomes 
smaller and the walls become thinner until the product has been reduced 
to the desired size. 

Throughout these processes, annealing is requwed at certain stages, 
or where the metal gets too hard from working. The manufacturer also 
cleans and otherwise finishes his product. 


Alloys of Copper 

Brass. The most common and the most generally useful alloy of 
copper is brass, which, as stated earlier in this chapter, is a mixture of 
copper and zinc. No standard rule governs the proportion of these 
metals in brass, although copper must be dominant. The proportions 
will vary in accordance with the eventual use to which the brass is to be 
put. 

Importance of brass manufacturing. Just as the United States leads 
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the world in the production and refining of copper, so, too, is it dominant 
in the manufacture of copper and copper alloys. This great American 
industry, employing more. than 100,000 workers, had its birth with the 
turn of the nineteenth century. There had been some brass manufac- 
ture in the United States prior to the Revolutionary War, but even 
though there had been copper production in America — in Massachusetts, 
veiy soon after the landing of the Pilgrims — England insisted on domi- 
nating the field. 

Location of the A7nerican brass industry. The American brass indus- 
try had humble beginnings. It started in the Naugatuck Valley of Con- 
necticut, near which, at that time, were some small copper^mines. Here 
land was too poor to permit profitable agricultural development, and the 
inhabitants were forced to manufacture as a means of livelihood. The 
brass industry once having started there, this location eventually became 
the center of the industry, in line with the time-tried rule that the com- 
munity that first develops a particular line of activity holds that posi- 
tion because of familiarity with the technique involved and the proximity 
of trained workers. Today the city of Waterbury is the brass center of 
the country. Bridgeport also is important for its brass-manufacturing 
plants; and during the past 20 years, several large brass- and copper- 
manufacturing plants have been established in the Middle AVest. The 
products of these plants include rod, wire, sheet, strip, pipe, and tube. 

Bronze. Bronze is a mixture of copper and tin. By the varying of 
the quantities of tin and copper, the qualities of bronze may be greatly 
changed; in general, the more tin is used in the mixture, the harder and 
more brittle will be the resulting metal. The percentage of copper used 
is seldom less than 80 per cent. 

Just as there are varieties of brass, so are there varieties of bronze. 
Some brasses contain a percentage of tin; some bronzes, a percentage of 
zinc. This is highly desirable in many instances, as, for example, in the 
manufacture of bronze hardware, which must be turned out by machine, 
the copper and tin mixture of so-called ''true” bronze being too brittle 
for proper working. 

Other copper alloys. The various copper alloys produced include, 
besides brass and bronze, nickel-silver and special alloys that are fabri- 
cated into the usual shapes as well as into special shapes — such as ex- 
truded molding and hot-pressed parts. 


Economic Significance of the Copper Industry 

Copper and its alloys are used for the manufacture of a wide variety 
of articles, numbering many thousands. These include everything from 
large special parts for condensers or similar machinery to clocks, vanity 
cases, screws, hardware of all descriptions, hub caps for automobiles, 
bicycle pumps, and even street-car tokens. 

Detroit is the center of the automobile and truck industries, which in 
an average year, consumed approximately 250,000,000 pounds of copper 
and its alloys. This industry is second only to the electrical industry 
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as a consumer of copper. Because of the rearmament program, the pro- 
duction of automobiles for ordinaiy use will decrease, but the production 
of tanks, trucks, and other militaiy vehicles will probably more than 
offset this decrease. 

Copper and its alloys are essential in national defense. Because of its 
ductility and resistance to corrosion, brass is the preferred metal for 
shells and cases. Copper and brass are also emplo3’'ed for timers, de- 
tonators, driving bands, etc. As the uses for copper and brass in marine 
construction are legion, the metal is of great importance in the Navy. 
Wien actual war occurs and communication becomes a vital factor, and 
liecause both radio and wire communication involve the extensive use of 
copper, the metal here too assumes a major role. As in the past, the 
present defense emergenc}^ has called for the rapid expansion of copper- 
and brass-fabricating facilities, and new production peaks are being 
reached. 

The present increase in consumption has been due to numerous factors, 
but to a great extent to electrical and similar developments for which 
copper IS peculiar^ fitted. In the automobile, building, air-conditioning, 
radio, and mechanical-refrigeration industries, as in the general extension 
of the light and power industiy and similar fields, large quantities of the 
metal have been consumed in various forms 

Copper in power generation and transmission. About 40 per cent of 
the copper used in this country^ toda^’’ goes into the electrical industry. 
Wiether the electricity is generated hy steam or b}' water power, the 
coils or vdndings of both the stationaiy and the rotating parts of the 
generating apparatus are made of copper. Copper commutators, col- 
lectors, and cables conwey the energy- to the station bus, where the cur- 
rent, generated b^^ the various machines in tlie plant, is collected and 
distributed to proper outgoing lines. These buses and the current- 
cariydng parts of the switches and circuit-bieakers are also made of 
copper. In the generators themselves, copper alloys are used in the 
bearings to cariy^' the load of the rotating part. Man}' other uses of 
copper and its allo^’^s are found in other incidental equipment. 

The voltage at which the current is generated usiialh' is too low for 
transmission for long distances. Therefore it is ^‘stepped up” hy trans- 
formers that raise the voltage to the desired level. When this energ}^ 
reaches the point at which it will be distributed for use, the voltage is 
''stepped dovm” by transformers similar to those in the generating sta- 
tion, and the current continues its path over other copper wires and 
through distribution transformers until it goes into its final service. 

The transformers used to increase or decrease the voltage consist pri- 
marily’' of two separate coils of copper wire. The current from the gene- 
rator passes through one of these coils and forms a magnetic field that 
induces a current in the other coil. At present, the transmission voltage 
normally’' is not less than 60,000, and often it is as high as 220,000 or 
more volts. 

Copper as a factor in communication systems. Copper also plays 
an important part in our niodcni communication systems. The world 
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today has in service approximately 41,000,000 telephones. The United 
States has more tlian half this total. All of the telephones in the world 
— ^in North and South America, Europe, Asia, Africa, and Australia — 
are, in a sense, on a single line; that is, it would be possible in normal 
times for 1 telephone subscriber to communicate with 40,000,000 other 
subscribers. The copper requirements for such a vast system can bo 
appreciated by the realization that the present wire mileage of the Bell 
System alone is over 89,000,000 miles. This wire mileage measures more 
than 3,500 times the distance around the world at the equator, or nearly 
375 times the distance between the earth and the moon. Nearly 96 per 
cent of this wire mileage is contained in cable. 

Not only this, but the telegraph services of the world employ 5,000,000 
miles of copper wire and the earth is belted with more than 30,000 miles 
of copper submarine cables. 

Copper plays an important part in radio communication. Based on 
an estimate of over 50,000,000 radio sets in use in this country, the 
amount of copper contained in them would be in excess of 150,000,000 
pounds. Approximately 36,000,000 pounds are required annually in the 
production of new sets, under normal conditions. Copper is used for 
such parts as shielding, transformers, speaker coils, wiring, and antennae; 
and in the sets themselves, brass also has numerous uses. 

Another, but little thought of medium of communication in which 
copper alloys are used is the pneumatic tube, which has come to replace 
runners for interoffice communication in large establishments. Rustproof 
brass tubes frequently are installed in large buildings during the early 
stages of construction, and remain in servdee always smooth and bright. 
Between 50,000 and 200,000 pounds of brass go into the pneumatic-tube 
systems of some of our large buildings. 

Copper and railroad transportation. The railroads of the United 
States have in service today more than 1,000,000,000 pounds of copper. 
Most of this is in the form of one of its many alloys. 

A steam locomotive, commonly tliought of as entirely of steel, employs 
much copper. Most of it is used in the form of bearing metal for the 
axles and for the rod brasses, and at other points where moving surfaces 
may wear and a reduction of friction is desirable. Brass also is used for 
valves and for the injectors that supply the boiler with water. A modern 
locomotive may contain more than 3 tons of copper, and at least 200,000,- 
000 pounds of copper are in service in all the locomotives in this country. 

Railroad passenger cars and Pullmans also make extensive use of 
copper and its alloys. Much of this is used for bearings, of course, but a 
great deal of the interior trim is made of copper alloys, and the lighting 
systems depend on copper wire to carry the current. Unless this elec- 
tricity is supplied from a generator on the engine, each passenger car or 
Pullman has its own generator. Copper tube is also being used to an 
increased extent for air-brake lines. 

Copper and marine transportation. Copper is the oldest metal on 
the seas. It has been used in shipbuilding almost since the beginning 
of historic time. In 1929, the remains of a galley of the Roman em- 
peror, Caligula, were uncovered after 1,000 years of immersion in Lake 
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Nemi, Italy; and it was found that the vessel had been fastened together 
with copper nails and spikes. These were in a perfect state of preserva- 
tion. 

The rise of the great sailing fleets, both merchant and naval, brought 
into use much copper and copper alloys. Sailing ships were copper- 
sheathed to protect the woodwork beneath the winter line and to mini- 
mize fouling by marine growths. The old-time armed ship carried brass 
or bronze cannons. 

In modem ship construction, copper and copper alloys are indispen- 
sable. The world^s shipyards, in an active year, require approximately 

100.000. 000 pounds for various uses in merchant tonnage alone. A large 
modern vessel may use as much as 3,000,000 pounds of copper, brass, and 
bronze. 

The metal goes for many details of ship construction, including wiring, 
piping, bearings, hardware, propellers, decorative trim, galley equipment, 
navigation instruments, porthole frames, and shaft sleei’^es. 

Copper and automobile manufacture. Another large market for cop- 
per is in the manufacture of automobiles. The largest single use, of 
course, is the radiator, which may be of copper or brass. The electrical 
system — including the generator, starting motor, and the ignition — 
requires much copper. 

Tigures collected by the American Bureau of Metal Statistics show 
that, in a normal year, in which automobile production ranges between 

3.000. 000 and 5,000,000 cars, the consumption of copper by the industry’' 
is in excess of 200,000,000 pounds. 

Use of copper in the building industry. Building construction, next 
to agriculture, is the nation’s largest industry; and into it every year go 
surprising quantities of copper and copper alloys. 

The first use of the metal in building, many years ago, was for the 
ornamentation of temples and cathedrals. Apparentl}’’, the metal at- 
tracted the interest of early architects more because of its beauty than 
of its lasting qualities; but in time, these qualities came to be recognized, 
and the consumption of copper has steadilj'' increased as the quality 
of buildings improved. It is significant to note that, during the years 
from 1925 to 1940, inclusive, the amount of copper used in buildings for 
every dollar spent for construction in the United States was more than 
doubled. 

As far as we know, the oldest copper roof in America is on Christ 
Church in Philadelphia, and it has been in ser\dce for over 200 years. 
Copper roofs now are being put on dwellings as well as on public build- 
ings. The highest structure yet built by man, the Empire State Building 
in New York, consumed more than 1,000,000 pounds of copper and brass. 

Closely associated with the roof of a building are the flashings, valleys, 
gutters, and downspouts. Copper generally is accepted as the ideal ma- 
terial for these purposes, because of its ability to resist corrosion. 

Scarcely a worth-while building is erected today without the use of 
copper or brass pipe or copper tube for water-supply purposes, both hot 
and cold. Architects and property owners have recognized the wisdom 
'of using these metals for this purpose, even though there may be a 
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slightly higher initial cost, on the ground that original installation will 
malce expensive replacements unnecessary. Within the last 20 years, 
Americans consumption of copper and brass pipe and tube has multiplied 
almost eight times. 

One docs not have to tax his imagination too greatly to obtain an 
idea of how much copper, brass, and bronze go into a building in other 
ways. Copper wire leads to every electric outlet, to every telephone 
connection, to every electric bell; copper radiators, saving space and 
adding beauty to a room, are attached to the copper tube of the hot- 
water heating system; lighting fixtures are of bronze, doors swing on 
bronze hinges, and locks arc of the same enduring metal. 

In recent years, copper and its alloys have been used more and more 
for the exterior ornamentation of buildings. The metalwork done in 
vertical construction between pillars, in spandrels, has been developed to 
add beauty to design, as well as to lighten the load and eliminate high 
masonry costs. Band courses and mullions are growing in popularity. 
For these, because of their ability to resist the action of the elements, 
copper and copper alloys have come to be considered the ideal metals. 

Ill this conuectioii, it may he said that the architect has beeu provided 
with a range of texture and tone attainable with no other metal. Not 
only are varicolored brasses and bronzes available for this purpose, but 
the period since the First World War has seen the development of lead- 
coated copper, which is wlmt its name implies, namely, copper coated 
with lead. Lead-coated copper may be had in the light metallic gray of 
newly cast lead or the almost black hue of old lead; it may be smooth 
in texture or rough. 

Other uses of copper. Mechanical refrigeration probably could not 
have made its forward strides had it not been for the seiwice of copper 
and copper alloys. Behind the spotless porcelain doors of the modern 
electric or gas refrigerator is the intricate cold-making device, its opera- 
tion dependent largely on the use of these metals. The rapid heat- 
transmitting qualities of copper and its resistance to corrosion by tlie 
refrigerants have caused its adoption for the evaporator and condenser. 
In this field alone, the consumption of copper and copper alloys amounts 
to more than 50,000,000 pounds every year. 

Similarly, a new and rapidly growing industry, that of air conditioning, 
is already a heavy consumer of these metals. It is anticipated that, 
within the next few years, cooling apparatus like that commonly in vogue 
in theaters will be more or less universal. Here again copper has been 
an important factor in the progress. The annual consumption is now 
about 15,000,000 pounds. 

The development of copper radiators, to replace the bulky and fre- 
quently unsightly ones now so commonly used, has developed an impor- 
tant field. The workability and heat conductivity of copper have made 
it possible to reduce radiator size as well as to give ornamentation to this 
necessary feature of every room. Already the consumption of copper in 
radiator construction amounts to many million pounds a year. 

It is thus obvious why copper so richly merits the designation, ^^man's 
most useful metal.” 
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Early history of lead. Lead is one of the oldest, most useful metals 
known to man, but little can be said of its original disco^^ery. It is one 
of the SIX prehistoric metals. The metal was known to the ancients and 
is mentioned several times in the Old Testament.^ “Thou didst blow 
with thy wind, the sea covered them: they sank as lead in the mighty 
waters/’ ” Lead v/as also considered as a lucrative commodity of trade 
by the ancients. “Tarshish was thy merchant by reason of the multitude 
of all kmd of riches; with silver, iron, tin, and lead, they traded in thy 
fairs.” ^ The British museum houses one of the oldest known pieces of 
lead, which is believed to have antedated 3800 b.c. The Romans used 
lead to make water pipes by folding sheets of the metal and soldering the 
seams with an alloy of lead and tin. In fact some of the lead pipe in« 
stalled by the Romans at Bath, England, is still in use toda^^, conveying 
water. During the fifth centuiy, b.c., the Greeks operated the lead 
mines at Laurium, and later in the third centuiy, b.c., the Romans carried 
on extensive lead mining operations in Sardinia and in Spain. During 
the Roman occupation of Great Britain, they also exploited the lead 
deposits of that country. Lead compounds were u=cd by the Romans. 
Dioscorides describes a material which was undoubtedly litharge, and 
Pliny spoke of a substance which was later knov/n as red lead, while 
white lead was well known to Geber during the eighth century, a.d. 

Thus, doT\m through the ages, lead has been a useful metal to mankind. 

Lead in the United States 

Production and consumption. The United States has alwa^^s been 
fortunate in possessing important and extensive resources of lead. As 
a matter of fact, the production of lead from American mines is roughly 
about one third of the total world production, a proportion which exerts 
an extremely important influence on the world market but does not, and 
cannot, control it. The domestic output is ordinarily only sufficient 
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for domestic requirements and, unlike the copper miner, the lead pro- 
ducer does not depend upon the export market to take a part of his output. 

Gradual and steady development of the domestic lead mining, smelt- 
ing, refining, and fabricating industries has been of inestimable impor- 
tance in the development and prosperity of our countiy. Many a for- 
tune is based upon the lucky discover^’' and exploitation of Western lead 
deposits, not to mention utilization of the metal subsequently. At the 
same time, the histories of most American lead mining camps is replete 
with tales of discouragement, and technical or financial obstacles over- 
come. The struggles of the lead industries have not been far different 
from those of many others. 

Ever since the Civil War the use of the nonferrous metals has grovm 
at such a rapid rate — except during the decade between 1930 and 1940 
— ^that occasionally the disturbing thought arises: ^'IWiere is the world’s 
supply of metals to come from 10, 20, or more years from now?” For- 
mer President Hoover, back in 1908, then a practicing mining engineer, 
confessed himself doubtful of the ability of the world to find an ade- 
quate supply of copper, lead, and zinc in 20 years. But it has always 
been forthcoming, and there is little reason to worry over the potential 
supplies of the metals for a great many years to come. 


TABIiE I 

STATISTICS OF LEAD PRODUCTION AND CONSUMPTION 
IN THE UNITED STATES^ 

Lead Production From Domestic Ore 


Year Tonnage 

1870 18,000 

1880 95,725 

1890 139,720 

1900 260,918 

1910 375,402 

1920 476,849 

1929 672,498 

1930 573,740 

1939 420,967 

Lead Consumption^ 

1936 633,550 short tons 

1937 678,700 

1938 546,000 

1939 667,000 

Lead Exports and Imports 

Exports Imports 

1936 18,313 short tons 23,893 

1937 20,091 41,131 

1938 45,866 64,366 

1939 74,392 87,564 


“ American Bureau of Metal Statistics. 


^Source: StatisUcal Abstract of the United Slates (1931) 
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Lead, its rising importance. Lead is ordinarily one of the cheapest 
of the common nonferrous metals, either just a little higher or a little 
lower in price than zinc. At one time it was considered to be merely a 
by-product of silver mining and smelting operations, being so much sur- 
plus from precious metal operations, but constant change in industry, 
particularly the establishment of new businesses, furnished steadily 
widening outlets for this useful metal. Since 1920, prices of all non- 
ferrous metals have been greatly disturbed, but lead generally ruled at 
higher prices than before the First World War in the 1920*s and often 
lower in the 1930^s. 

Qualities of lead. When all is said and done, lead is a queer metal. 
It is heavy, soft, and extraordinarily durable under ordinary atmospheric 
conditions, and it furnishes numerous chemical compounds of great 
usefulness in modern life. In fact, the physical and chemical qualities 
which lead possesses have enabled it to secure a remarkably diversified 
outlet, a very desirable situation for any product. White lead, red 
lead, ammunition, storage batteries, lead-covered cable, pipe, and solder 
are some of the familiar lead products. 

Change in the utilization of lead. A striking change has occurred in 
the relative importance of the major activities for lead in recent years. 
Since 1921 lead has definitely drawn away from its dependence upon 
the white-lead industry — and consequently the paint business — as its 
most important market, and has turned to two essentially electrical 
applications for its principal consuming outlets, storage-battery manu- 
facture and cable covering. It is fortunate for lead that these two 
relatively newer uses have grown rapidly in recent years, for the white- 


Table II 

USB OF LEAD IN THE UNITED STATES 
{In Shari Tons) 



1929 

1939 

White lead 

119,700 

75,000 

Red lead and litharge . . 

. . . 30,000 

57,200 

Storage batteries .... 

. 210,000 

198,000 

Cable covering. 

, . . 220,000 

74,400 

Building 

, , 96,000 

50,000 

Automobiles 

. 18.000 

8,900 

Railvi^ay equipment. 

5,700 

a 

Shipbuilding ... .... 

.... 300 

o 

Ammunition 

. . . 41,100 

42,300 

Terne plate 

4,200 

5,400 

Foil.... . 

.... 39,800 

21,800 

Bearing metal 

33,000 

12,800 

Solder 

. , .. 37,000 

20,000 

Type metal 

, . . 18,000 

14,000 

Calking 

. . . 31,500 

16,000 

Castings 

18,000 

7,500 

Other uses 

. . . 50,000 

63,700 

Total 

972,300 

667,000 


® Included in “Other uscs,“ below. 
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lead market has gradually declined, owing to intense competition from 
other paint pigments, such as lithopone, zinc oxide, and titanium com- 
pounds. New uses like in gasoline antiknock compounds also have 
grovna rapidly. 

The above comparative table shows how the situation has changed. 

Geographical location of lead deposits. Missouri has long held the 
position of mining more lead than any other state, the ore mined being 
galena, a sulphide of lead and the kind which furnishes the bulk of the 
world’s lead ore supply. Missouri's lead is noted for its softness and 
low silver content, vhich makes desilverizing unnecessary" for much of it. 
Idaho and Utah arc the next two most important lead-producing states, 
followed by Oklahoma, Kansas, and Colorado. The lead in the entire 
Rocky IMountain Belt is noteworthy for its intimate association with 
silver and to a minor degree with zinc, and is generally found in vein 
formation The ^Missouri deposits occur in limestone and are low in 
grade, requiring large-scale development and operation. 


Producing Commercial Lead 

Concentration of complex ore. There was a time, only a few years 
ago, when it was next to impossible to concentrate low-grade complex 
ores economically — that is, ores consisting of an intimate mixture of 
copper, lead, zinc, and other minerals. In those day’s every effort had 
to be made to mine a lead ore as “clean” as possible for fear of the 
penalties or charges exacted by the smelter for treating a lead ore con- 
taining zinc and other impurities. Although it is still desirable to mine 
lead ore having a simple composition, the concentration of complex ores 
has reached a state nowaday’s permitting extremely^ efficient separation 
of the valuable mineral constitutents of complex ores. The means by^ 
which this is done is known as selective or differential flotation, a mar\"el- 
lous improvement in the concentration of metallic ores, contributed dur- 
ing the past 20 y’^ears. 

The flotation process. Flotation itself is nothing more or less tlian 
the treatment of a finely ground ore with water to which a small amount 
of pine oil and other chemicals have been added. The entire mass is 
agitated continuously^ with air with the result that oily bubbles of air 
form and rise to the surface. These bubbles carry along vdth them 
particles of the valuable metallic constituents of the ore — tliat is, galena, 
sphalerite, pyrite, and so forth — ^v’hereas the waste material, or gangue, 
sinks to the bottom of the flotation machine. The process is a relatively 
low-cost means of separating the valuable from the worthless parts of 
the ore. By virtue of much experimentation, certain chemical com- 
poimds and technique have been evolved whereby it is possible with 
flotation methods not only to make the separation between metal-bear- 
ing minerals and gangue but also to separate the metal-bearing minerals 
into their respective components, galena from sphalerite, and so forth. 
This process is kno^Mi as “selective flotation.” 
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Significance of the flotation methods. The result of the flotatioit 
process has been to add greatly to the available mineral resources of 
the world, for it has made commercially practicable the exploitation of 
ore deposits formerly considered impossible to work at a profit. 

Smelting and refining plants broadly scattered. Inasmuch as lead 
is mined in the jMiddlo West and in the Far West, the smelting and 
refining pUmts nie Vv’cll scattered. They can be found on both coasts, 
along t!)c Jlcxican border, along the Canadian border, and in the Middle 
West. Smeltcvs arc u^^ually built close to the mining districts, vdiile 
the refineries ere of I on located with the sale and distribution of the 
refined lead in lumd. 

In tins connection the railroads have established what is known as 
^h'diumg-in-* transit rale^^/' which permit shippers of crude-lead prod- 
ucts to procure a rate from source to destination w^hich is less than the 
rate from source to refinery plus the rate from refinery to destination. 
In other words, the rate permits the shipper to transport his materials to 
the refinery, have it refined, and subsequently marketed on an over-all 
frciglit rate which Uikcs into consideration the interruption in the flow of 
the material to the market when it is refined. 

Lead smelting. The case with which the hea^’y metal can be melted 
has had a lot to do with the fact that the metallurgy of lead reached a 
lugli degree of jierfcction at an early date. Ordinarily the lead con- 
centrate, after preliminary roasting and sintering to remove most of the 
sulphur contained m it, is treated in a blast furnace, which is nothing 
more or loss than a vertical furnace having provision for the entrance of a 
of air to accelerate tlie combustion and chemical action going on 
witlnn the furnace. When the blast furnace is tapped, the lead flows out 
into a pot and is sent to the refinery in the form of crude bullion. 

Lead refining. Lead bullion is treated not only to remove impurities 
but also to recover its gold and silver content. The process most fre- 
quently used m refining crude lead bullion is Icnown as the 'Tarkes 
proccss.^^ This process depends for its action partly upon the relative 
melting points of lead and the metallic impurities, such as copper, 
sulphur, and arsenic, which arc often found with it. The crude bullion 
is slowly melted and some of the impurities rise to the surface as a dross 
and are skimmed off. After the dross has been removed, the temperature 
is raised and air is admitted to the furnace. Under these oxidizing 
conditions other impurities, such as tin, arsenic, and antimony, are 
eliminated, partly as a fume. To remove the silver a little zinc is added 
to the lead. Then the peculiar ability of zinc to dissolve the silver is 
manifested and a zinc crust forms on the top of the pot, which is removed 
and which will be found to contain nearly all silver. There is also an 
electrolytic process that has been developed for the refining of lead, 
laiown as the '^Betts process.^^ It is especially useful to remove bismuth 
from the lead. 

Grades of commercial lead. There are three principal grades of lead 
ordinarily produced, loiown as ^^corroding lead,'' ^^common, or desilver- 
ized, lead," and ^'chemical lead." Corroding lead is a lead suitable for 
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conversion into v'hite lead. It is the purest commercial product. A 
high degree of purity is necessarj" so as not to discolor the pigment. 
Chemical lead finds its chief use in the manufactiu-e of sheet and pipe 
and cable sheathing, where a high degree of durability is demanded. 

Marketing. The market points for pig lead are principally New 
York and St. Louis. Intermediate points are based upon either of these 
markets, the prices quoted consisting of the New York or St. Louis price 
plus freight. Although the price of lead generallj* moves slowly, it is 
open to the free play of the laws of suppl}’' and demand, and has fluctu- 
ated considerablj’’ in the last few years. A London quotation, as estab- 
lished on the London Metal Exchange, exerts considerable influence on 
the domestic market. 


Uses of Lead 

Main uses of lead. Although the two main uses to which lead is 
put today are comparatively modern developments — ^that is, cable 
sheathing and storage batterj" manufacture — many outlets for the metal 
date back a century and more. Thus lead pipe, sheet, ammxmition, 
and white lead are old and trusted commercial articles that have retained 
well-established markets for a long period of years, but the stress of 
competition in some lines, such as white lead, from other materials has 
hampered the steady growth of many markets for lead. 

Storage batteries. To begin with the largest application first, storage 
batteries, those useful electrical power sources, have grown in use prin- 
cipally in pace with the manufacture and sale of automobiles. Never- 
theless, dozens of everyday applications of lead storage batteries in trucks, 
locomotives, ^motorboats, power plants, and radios show that the market 
for batteries is hy no means confined to one large outlet. If anything, 
this use of lead should grow, but its increase will not require a directly 
proportional amoimt of new lead because a large quantity of secondary 
or scrap metal is reclaimed each year from old batteries and used over 
again. 

Cable sheathing. The progressive development of the second largest 
use of lead, cable sheathing, has been little short of phenomenal. It is 
allied to the growth of the electrical industries, particularly the telephone 
industry and the distribution of power. In this application three quali- 
ties of lead — ^that is, its pliability, durability, and low cost — have made 
the metal desirable. All of us are familiar with the common city sight 
of a reel of telephone cable being installed xmderground. The lead 
cable sheathing protects the rather delicate paper-insulated wires com- 
prising the body of the cable from moisture and a breakdown of the 
insulation. 

The telephone cable. Although large amounts of lead-covered tele- 
phone cable arc used in cities, the development of long-distance tele- 
phoning has made necessary the stringing of long lengths of lead-covered 
cable in toll lines between cities to furnish dependable long-distance 
telephone service free from interruptions by storms and other disturb- 
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ances. The interconnection of radio networks with nation-wide distribu- 
tion of programs has also helped to increase the use of telephone toll lines. 

The power cable. Power cable is also an important application of 
lead sheathing. Larger and larger voltages are being transmitted under- 
ground. Buried transmission lines of 66;000 volts are common in large 
cities. Two underground lines at 132,000 volts have also been con- 
structed. It is safe to say that the development of underground power 
transmission will soon permit carrying current at voltages equal to those 
now attained by overhead transmission lines. 

Looking into the future, it would appear that the tendency to bury 
telephone and power lines will continue and that the outlet afforded lead 
by this field of usefulness will consume increasingly large amounts of 
lead^ not alone in the United States but in Europe as well. 

Chemical compounds. Lead may readily be converted into valuable 
chemical compounds, of which the commonest ones are white lead, red 
lead, and litharge. White lead has long held the preeminent position 
of being the best single paint pigment. It is the most satisfactory of all 
pigments for outside painting. In the last 20 or 30 years the intensive 
development of cheaper pigments, such as lithopone, has given white 
lead unusually severe competition, and has heavily displaced its use 
for interior painting. The unexcelled properties of white lead for mak- 
ing paint should always insure furnishing an important market for lead 
itself. 

Red lead is the standard pigment for protecting iron and steel. 

Litharge, an oxide of lead, finds wide application as an ingredient of 
storage-battery plates. It is a very useful chemical compound, and is 
used in the manufacture of varnish, pottery, rubber, glass, and the re- 
fining of oil. 

Lead for ammunition. Lead is the traditional war metal. Its com- 
paratively high specific gravity is utilized to advantage in the manu- 
facture of ammunition. In peacetime, sporting arms for hunting, trap 
shooting, or target practice consume sizeable amounts of lead, but with 
the almost complete settlement of the United States and extinction of 
frontier life and much game, the demand for sporting ammunition will 
probably not show much growth. 

Lead in building construction. ' Owing to its unsurpassed durability, 
lead is used in building construction for leaders, gutters, roofing, and 
flashing, but there is much room for improvement in the extent to which 
it finds such employment, for the merits of the metal do not seem to be 
so well appreciated by builders and architects as those of competitive 
materials. In England the reverse is true, lead being favored at the 
expense of other nonferrous metals. 

Lead in chemical industries. The chemical industries annually use 
large amounts of lead to construct apparatus which will resist the cor- 
rosive action of many common chemical compounds, such as sulphuric 
acid. Stimulation in the production of rayon has caused large tonnages 
of lead to move recently into rayon plants to aid in making the fabric. , 
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Even gasoline uses lead as an antiknock ingredient, a use which is 
growing steadily. 

Alloys of lead. There are many useful alloys of lead. Some com- 
mon examples are solder, an alloy of lead and tin, type metals, and 
bearing metals, all of them performing inestimable services to industry. 

Enough has been shown to indicate that lead is an almost indispensa- 
ble metal with a wide variety of functions. There is good reason to 
believe that the use of lead wdll expand continuously as additional 
methods are devised for using its valuable characteristics. 

Reclaiming Lead 

At the present time a factor of great moment in the lead situation is 
the growing importance of secondar^^, or scrap, lead as a source of raw 
material for the manufacturer. Not only have methods for the recovery 
of lead from scrap material been strikingly improved un the last 10 
years, but the collection and smelting of secondary lead has become a 
well-organized industry, in some cases, as an adjunct to and under the 
close supendsion of the virgin lead smelters. Of course there are prod- 
ucts, such as red- and white-lead paints and ethyl gasoline, from which 
the lead is irrecoverable, but others, as for example, the lead type of stor- 
age batteries, use a large amount of reworked lead. In the storage bat- 
tery industiy alone there is a huge circulating load of lead estimated at 
over 100,000 tons annually. Other industries also furnish important 
sources of old lead. As a consequence, for every 3 tons of new lead mined, 
it is believed that about 1 ton of old lead is reclaimed. 

Looking far ahead, there will come a time when an even greater effort 
will be made to reclaim old metals, owing to the progressive exhaustion 
of existing mineral deposits — -which can only be mined once — and the 
failure of new discoveries to keep pace with the ever-growing world 
demands for metals. 

Legislation Affecting the Industry 

Legislation is Autally important to the lead industry. It is concerned 
not only with the ordinarj^ legislation governing the conduct of business 
in the United States and relating to taxes, welfare, and other subjects, 
but is also concerned rather vitally in legislation having to do with cus- 
toms matters,, as the tariff and its administration: All lead products 
enjoy protection without which the industries would today be shut down. 
The tariff does not, however, prevent competition by American manu- 
facturers in export trade because they can use the drawback provisions 
of the tariff law which permits them to purchase their raw material in 
the best foreign market, pay the duty on importation, and upon exporta- 
tion of the manufactured product receive a retui'n of the duty from the 
Government. 

The use of the drawback is not the onlj means which the American 
manufacturer may use in order to hurdle the tariff on his raw materials 
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wiien he competes in an export market. He may also operate under 
the provisions of the customs law winch permit manufacturing-in-bond. 
Briefly, these regulations provide that labncators of exportable products 
may establish a bonded manufacturing plant to which they may bring 
their imported raw materials, free of auty, converting them to a finished 
form and exporting the resultant product to wnatever market they expect 
to reach. Hence, the distinction between the manufacturing-in-bond 
provisions and the drawback is that, in the former, duties are never col- 
lected on the raw materials, whereas in the case of the drawback a duty 
is collected only to be refunded on exportation of the manufactured 
product. Fabricators of lead products generally prefer to use the draw- 
back because it is a little easier to employ for intermittent export opera- 
tions and does not involve the governmental red tape necessaiy in setting 
up the machinery to work under the manufacturing in bond provisions. 
By liberalizing the drawback laws in 1930 Congress has made them a 
more useful tool for the exporter. 
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Zinc from Mine to Market 

Zinc is one of the most important of the metals. It is not an aWoy but 
a base metal, with many valuable properties and great adaptability. 
Belonging to the nonferrous metal group, zinc cannot rust. 

Zinc is frequently used in conjunction with other metals, and then its 
identity may be more or less concealed. For example, the large volume 
of iron and steel products winch are zinc^coalcd (galvanized) as pro- 
tection against corrosion represents one of the chief uses for zinc. Look 
for it in brass, of which zinc is an essential constituent, yet so far as 
the eye can see, the zinc is invisible. 

Remarkable changes occur in the appearance of zinc as it is converted 
by successive stages from ore to industrial and consumer products. In 
the ore, the zinc mineral looks like specks or streaks of dark impurities. 
After tlic ore is crushed and milled, the resulting rich zinc mineral con- 
centrate is a brown, resinous, granular or powder}" product; and when 
smelted and cast into slabs or ingots, it assumes a soft, silvery gray 
color. 

In other products of zinc even more drastic changes occur. Zinc oxide, 
for instance, which is particularly important as a paint pigment and as 
a rubber ingredient, is a white, fine powder which gives no hint of its 
relationship to the base product. 

It is probably for these reasons that, while the importance of zinc is 
fully recognized by industry, the average consumer fails to realize the 
wide application of zinc and its many useful functions. 

Early history of zinc. The history of zinc dates back to veiy an- 
cient times. In fact, most references on the subject point to an idol 
found in the prelustoric ruins at Dordosch, Transylvania, testing 87Mi 
per cent zinc, as the oldest piece of zinc in existence. Mention is also 
made of bracelets filled with zinc, discovered in ruins dating back to 
600 B.c. on the Isle of Rhodes. 

It is generally accepted that the ancients knew zinc as a separate 
metal; but down through the Middle Ages its identity was apparently 
lost, although in those times brass was made from zinc-bearing copper 

* All rights reserved by Americau Zinc Institute. 
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ores without the presence of zinc being realized. Paracelsus (1490 to 
1541) was probably the first to refer to the metal and name it “zinc.” 
Asia was responsible for the introduction of metallic zinc in Europe in 
the sixteenth centur}% where it eventually became known as “spelter,” 
a trade name which persists to a certain extent even in present times. 
The smelting of zinc got under way in Europe during the eighteenth 
century and was well established by the end of that period. The year 
1850 dates the beginning of zinc smelting in the United States, but the 
record of production commences with the year 1860. Since then, the 
United States has become the largest producer and consumer of zinc 
in the world. 

Consumption. Modern life demands great quantities of zinc. The 
annual consumption in recent years, if distributed equally among the 
entire population of the United States, would represent as much as 9^/4 
pounds per person. This takes into consideration the metal alone, and 
does not include a substantial tonnage of other zinc products also derived 
from ore; but, even so, the consumption of zinc in the United States is 
greater than the consumption of other nonferrous metals such as lead 
and aluminum, except copper. 

In world sales zinc ranlcs third among the leading nonferrous metals. 
Figures for 1938 are as follows: 


Metal Tonnage 

Copper. 1,938,667 

Lead 1,879,460 

Zinc 1,751,870 

Aluminum 584,879 


In volume, as measured by cubic feet, zinc ranks first by a wide mar- 
gin. Zinc, being lighter than copper and lead, exceeds both in num- 
ber of cubic feet used. The above 1938 tonnage figures are converted 
as follows: 


Metal Cubic Feet 

Zinc 8,000,000 

Aluminum 7,200,000 

Copper 6,950,000 

Lead 5,660,000 


This prompts the question, just where does all this zinc go? For 
what is it used? Here is a diagram which shows some of the many 
highways and byways which zinc follows from the ore as mined, down 
to industrial and consumer uses. 

The table on page 448 is an estimate of the quantities of zinc used in 
industry. The figures shown * illustrate the large tonnage employed in 
the principal uses of the metal. 


The Plow of Zinc From Mine to Market 
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•METALS Cadmium, Copper, Cold ' > ’ 

^Lead, Silver, etc 

Pig 1 This diagram shows the primary derivatives and by-products of the reduc- 
tion of zinc ore, and a partial list of their many and varied applications. 
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Table I 

CONSUMPTION OF ZINC IN ITS PRINCIPAL USES^ 
(In Tons) 


Galvanizing: 

Sheets 

147,500 

43,000 

Tubes 

Wire 

30,900 

Wire cloth 

7,000 

Shapes® 

46,600 


Total 275,000 

Brass *. 175,000 

Rolled Zinc 62,000 

Die Castings 84,000 

Other Purposes^ 30,000 

Total 626,000 

“ Includes pole-line hardware, hollow ware, chains, 
and all articles not elsewhere mentioned* 

^ Includes slab zinc used for the manufacture of 
French oxide, zinc for wet batteries, slush castings, 
the desilverization of lead and sundries, wire for met- 
allizing, and Eo forth. 

In addition, there is a large quantity of zinc pigments — such as zinc 
oxide and zinc sulfide — ^produced directly from ore, and other zinc prod- 
ucts — ^such as zinc chloride, zinc sulfate, and some zinc dust — made 
from secondary zinc, all of which will be referred to later. 

A short description of the principal uses referred to above may help 
to develop a better understanding of the properties and functions of 
this indispensable metal, zinc. 

Zinc in Galvanizing 

Zinc as a protective coating. The iron and steel industry is the 
chief single outlet for zinc. Iron and steel will rust; so, for certain 
uses, they must be covered with a protective coating. For this pur- 
pose zinc is superior to all other metals. The United States Bureau of 
Standards states that zinc forms “by far the best” protective metallic 
coating for the rustproofing of iron and steel. In recent years, 42 per 
cent or more of all the zinc metal consumed in the United States has 
been used in zinc-coating, or galvanizing. 

Zinc is well adapted for coating purposes,^for it has a relatively low 
melting point and it is a comparatively simple matter to secure a tight 
bond between the zinc coating and the iron or steel base. Furthermore, 
there is another important reason why zinc is considered first choice 
as a protective coating. As iron stands below zinc in the electrochemical 
series, a coating of zinc provides iron and steel with perfect electrolytic 
protection against rust. This protection is so effective that even though 
there be a small exposed area on the base metal, the attacks of the ele- 
ments will be directed first to the zinc coating, the base being shielded 
from corrosion so long as sufficient zinc remains. It is because of these 

* Source: American Bureau of Meial Stathlks Yearbook (1939), 
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properties that zinc takes precedence as the ideal protective agent for 
iron and steel. 

Methods of galvanizing. In the coating process, called “galvaniz- 
ing,” any one of several methods may l)c followed. The one most 
generally used is the “hot-dip method,” in which the product to be 
coated is first pickled, or cleaned, in a bath of dilute acid and then im- 
mersed in molten zinc. The zinc adheres to the base metal in a smooth 
and even covering and usually gives the finished article a crystalline, 
“spangled” appearance. 

Zinc coaling by “electrodeposition” has made considerable progress 
in recent years. The improvements in the process arc reflected in the 
several new and important clcctrogalvanizing plants which have been 
put into operation. So far, these later developments of the electrolytic 
method have been applied to the production of galvanized wire and gal- 
A'nnizcd strip steel. The electroplating of zinc coatings on various and 
sundrj^ articles is commonly practiced in metal finishing shops, and 
here again new processes featuring bright finishes have widened its 
scope. 

Zinc coatings arc also applied in the form of a spray by means of a 
“gun” ^Yhich employs zinc wire or powder. The zinc is melted in the 
process and sprayed upon tlic surface to be coated. This method, 
known as “metallizing,” is particularly applicable in the ease of struc- 
tures already erected and large objects which are of such size that it is 
impracticable to liot-dip them. Railroad bridges, large tanks, ships, and 
barges are examples, 

“Shernrdizing” is still another coating process in which articles, more 
generally small finished parts such ns nuts, screws, and bolts, arc placed 
together with zinc dust in a revolving container. Thus, in intimate 
contact and in the presence of heat, the articles are zinc-coated. A varia- 
tion of this process, using flaked zinc instead of zinc dust, is called “hot 
galvanizing.” 

Galvanized sheets. It will not bo out of place to enlarge upon the 
subject of galvanized sheets, as they represent the principal product of 
the galvanizing industry and the largest single use for zinc. Originally, 
the coating, or galvanizing, of sheets was done by dipping the sheets by 
hand into vats of molten zinc. Nowadays, while the essentials of the 
hot-dip process previously outlined arc unchanged, specially designed ma- 
chinery has developed mechanical and automatic features. These refine- 
ments have, among other things, greatly aided temperature control and 
have substantially stepped up the speed of the operation. In the mean- 
time, considerable attention has been directed toward the improvement 
of the quality and properties of the coating itself, and progress along these 
lines is promising. 

Galvanized sheets, which are sometimes called “galvanized iron,” are 
one of the popular roofing materials in the United States. All types of 
structures, from garages and farm buildings to the largest industrial 
plants, may be roofed securely and attractively, as well as economically, 
with galvanized sheets. The annual production of galvanized sheets is 
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about 1,500,000 tons. These slieets are not enlirelj' used for roofing 
purposes, for they have many uses, but each sheet carries its protective 
coating of zinc. 

It would be better if, instead of “galvanized,” they were called “zinc- 
coated” sheets, for many people arc quite unaware of the fact that these 
sheets have zinc on them, nor do they know of the importance of' the 
coating and how necessaiy’* it is that this coating be enough to 

stand the wear and tear of the elements. 

Tests made by technical authorities have demonstrated that there is 
a direct relationship between the weight of the zinc coating and the 
lengtli of ser^'ice life. It is a well-established truth that the heavier the 



Certriesy, Aci7ta Standard Ergineering Company 

Fjg 2 A modem sheet-galvanizing machine. 


zinc coating, the longer the life of the product it protects. In the ej'es 
of the average consumer, the servdee-life of a product fails when rust 
appears, and this point may be indefinitely deferred under normal expos- 
ure conditions, provided the zinc coating is sufficiently hea\yr 

The American Zinc Institute is an organization of producers of zinc. 
One of the purposes of the Institute is the development of information 
about new and improved uses of zinc and zinc-coated products and the 
distribution of this information to the consumer. The Institute neither 
makes nor sells any product; it is primarity an educational organization. 
Several years ago, it started an educational campaign centered upon the 
farm market, for farmers use millions of galvanized sheets every year on 
their bams and sheds and also on their houses, Tliis campaign features 
the Institute s “Seal of Quaht 3 ’'” which steel manufacturers are licensed, 
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without, clinrpo. to stamp on all galvanized sheets which conform to rigid 
s]>ocifiralion< ns to (juality and which carry a full 2-ouncc zinc coating. 

Galvanized wire. Galvanized wire is another important product of 
the Mod industry. The durability of wire is dependent not only upon 
the base meial, but more particularly upon the zinc coaling which pro- 
tect'^ it from corros-ion. The farmer uses large quantities of galvanized 
wire in the form of fence, because fencing is a factor in profitable farm- 
ing. The railroads are also large consuinovs of galvanized wive and 
fencing to injure Ihoir right of way. Wire rope and cable require the 
uv’C of much galvanized wire; the building of the new Golden Gate Bridge 



Courtesyt Actm Sta^idard Engiuccring Company 


Fig. 3. A coated sheet emerging from the zinc bath. 

in San Francisco called for the use of 80,000 tons of galvanized wire in 
the bridge cables alone. Telephone companies, too, use large quantities. 
Fortunately, newer processes and improved practices have resulted in 
the application of heavier zinc coatings by some of the manufacturers, 
with a general tendency in this direction. 

Reference has already been made to the more recent developments in 
the elcctrogalvanizing process. Figure 6 shows an important step in the 
production of galvanized wire by electrodeposition. 

Other galvanized materials. Apart from galvanized sheets and wire, 
there is a great variety of zinc-coated or galvanized products and there 
aic hundreds of uses for them Galvanized corn cribs, water tanks for 
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the farm stock, galvanized water pipe, much miscellaneous equipment for 
farming, and a great deal of the farm machinery must have its protective 
sheath of zinc if it is to stand up. 

For household uses there are the galvanized pans and pails, the gar- 
bage can, the refrigerator, and other kitchen equipment in use every 
day; but some do not realize that it is the zinc coating which makes 
these articles serviceable. Zinc-coated window screens protect the 



Ccurtcsy, Inland Steel Ccmlany 

Fig. 4. A galvanized Ehoct emerging from the corrugating rolls. 


household from insects and pests; galvanized leaders and gutters drain 
the water from the roof, !Many of the route markers and signs on the 
Ingliways arc galvanized. A new metal highway guard rail is zinc- 
coated; and where drainage is nccessar\% metal culverts, galvanized to 
protect them from rust, are frequently installed under the roadbed. 


Zinc in Brass 

Zinc IS an essential con«-titiienl of hras<?. There arc many types of 
brac'5 and the proportion of zinc varies accordingly. To avoid going 
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into fine details, it may be said that average brass contains about 30 
per cent zinc and 70 per cent copper. 

Brass pipe is highly desirable for ^vatcr supply systems and in the 
construction field generally. The use of brass in the automobile industry 
and in the electrical field arc examples of some of the principal uses. 
Other examples are brass buttons, brass plates, brass liardrarc, brass 
cartridges, brass castings, and brass in the arts> The important part 
Avhich zinc plays as an integral portion of this useful alloy is best proved 
by the fact that 175,000 tons was the total used in brassmaking in a 
recent 12-month period. 


Roiled Zinc 

Slab zinc rolled into sheet and strip form has a great variety of uses, 
the largest being for the production of zinc cans for dry batteries. Here 
the zinc can functions not only as a container but also serves as an active 



Fig 5. A distlnclivo niaik adopted by producers of galvanized sheets to indicate 
a standard, cxtia-hea\y zinc coating. This la used on galvanized roofing and siding 
where long service is desired. 


chemical element of the cell. Tops for Mason jars, washboards, and 
weather stripping also consume large tonnages. In the automobile it is 
used for trim, in accessories, and in brake linings. The printing trade 
and the modei'n newspaper use photoengraving plates made of zinc for 
half tones and line cuts for illustrations. The development of photo- 
lithography has also greatly extended the use of zinc in lithographic 
plates. Heavy-gauge zinc sheets or plate are installed in steam boilers 
to protect them from corrosion; in this manner, zinc safeguards the 
marine boilers of the United States Navy. Zinc sheets are used in the 
construction field for roofing and flashings when long service is desired. 
Zinc roofing docs not stain the house walls and paint trim. Extremely 
thin sheets, or zinc foil, are used for wrapping and also for insulation 
purposes. 
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The range of products made from rolled zinc includes such articles as 
shoe eyelets, glazier points, and organ pipes, and is so wide that it is 
impossible here to give a complete list. 

Zinc in Die Castings 

The outlet for zinc in die castings is one of more recent development. 
Long and painstaking research was required to find zme alloys particu- 
larly suitable for use in die castings. The alloys employed for this pur- 
pose contain a minimum of 93 per cent zinc, with small quantities.of 
aluminum, copper, and magnesium. 



Courf<?5y, U. C. Taution 


Pig. 6. Electrolytic cells for plating wire with zinc. Each cell is 110 feet long 
and utilizes current Of 40,000 amperes. 
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Zinc alloy die castings are made by forcing the molten metal under 
pressure into steel dies, where it instantly solidifies in the exact form or 
shape desired. These castings are sharp and clean-cut, requiring prac- 
tically no machining, and can be plated, painted, or lacquered with prac- 
tically any type of finish desired. 

In the searcli for suitable die-casting alloys, a very high quality zinc was 
found to be nccessaiy, so the research chemists and engineers developed 
a zinc over 99.99 per cent pure. This development greatly imjiroved the 
physical properties of die castings and opened up many new fields of use. 
The result is that within a comparatively few years the quantity of zinc 
in die castings has reached a substantial tonnage. 

Zinc alloy die castings continue to be popular in the automobile in- 
dustry. More applications are found in some cars than in others, rang- 
ing from 50 to 100 castings. They vary in weight from Yo ounce to 24 
pounds and are used for both decorative and functional purposes. Tlie 
weight of castings per car varies from 25 to 100 pounds, depending on the 
make. 

For several seasons, zinc alloy die-cast radiator grilles have played 
an important part in the design of the new automobile models. Inside 
hardware, such as door handles, robe rails, *and heater cases ; lamp brack- 
ets and radiator ornaments on the outside; carburetors, fuel pumps, and 
other functional parts under the hood, are now made of zinc alloy die cast- 
ings and used in many makes of cars. 

The use of these castings in other directions, too, is widening all the 
time Small tools, check protectors, typewriters, meat grinders, and 
other office and store equipment, household appliances such as kitchen 
mixers and vacuum cleaners, novelties, and toys are all examples of 
some of the directions in which this expansion of use can be found. 


Zinc Pigments 

A considerable tonnage of the zinc mined goes into the zinc pigments 
zinc oxide, zinc sulfide, and lithopone, which are white, and the gray pig- 
ment, zinc dust. 

Paint is the largest single use for zinc pigments. For exterior and 
interior paints, enamels, lacquers, and industrial coatings, manufacturers 
find in white zinc pigments such desirable properties as great durability, 
tint retention, hiding power, resistance to ultraviolet rays, good gloss 
properties, and conti oiled chalking. Practically every outside paint on 
the market today contains a percentage of zinc oxide. The zinc sulfide 
pigments possess tremendous hiding power, which makes them especially 
useful in interior finishes of all types. 

Rapidly increasing in popularity is the zinc pigment known as metallic 
zinc powdei or zinc dust. Metallic zinc powder and zinc oxide together 
make the pigment of a rust-preventive paint which is especially suitable 
for painting iron and steel and galvanized surfaces. There are a number 
of special metallic zinc paints manufactured for use as metal primers, 
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speciall3’’ formulated to meet unusual conditions such as priming parts 
of steel ships and bridges, and metal used in refrigerating plants and air- 
conditioning equipment. 

Zinc oxide is essential to the rubber indust^3^ The millions of auto- 
mobile tires, truck tires, bus tires, and inner tubes carr^’' a substantial 
amount of zinc oxide. In the operation of truck and bus pneumatic tires 
large quantities of heat are generated and the presence of considerable 
zinc oxide is desirable to give such tires lov: heat generation, good heat 
dissipation, and good reinforcement. In pneumatic balloon tires, zinc 
oxide aids in reinforcing and in preventing tread cracking. Both zinc 
oxide and zinc sulfide are also used to give color to T\diite side walls. 
And zinc oxide is a valuable ingredient for the reinforcement of rubber 
hose, tubing, insulated wire and cable, rubber boots and shoes, surgical 
rubber, and a host of rubber specialities. Zinc sulfide and lithopone are 
used in some of these products to provide a high degree of whiteness. 

The ceramic industry is another large user of zinc oxide. In the pro- 
duction of tableware, enamelware, and glass, zinc oxide imparts good 
color, gloss, and opacity. Zinc oxide also helps to give these products 
greater resistance to shock caused b^^ sudden changes in temperature. Its 
presence is also beneficial in preventing the crazing of pottery and the 
chipping of enamel from iron. 

Zinc oxide finds a wide use in the manufacture of products such as oint- 
ments, face powders, talcum powders, and sunburn cream. The zinc 
oxide used for these products is of exceptional purity, smoothness, and 
whiteness. It is nontoxic and is opaque to ultraviolet light. This type 
of oxide is of interest to the manufacturer of skin creams and powders for 
preventing the penetration of the sun^s ra^’^s, which causes sunburn. 

Zinc oxide and lithopone are used with the coloring pigments in the base 
of linoleum, and they are the chief white pigments in the paint which 
forms the decorative and wearing surfaces of both printed and inlaid floor 
coverings. 

The zinc pigment, lithopone, is used in oilcloth and shade cloth in the 
paint coating which is applied to the cloth by a rolling operation Good 
color, opacit^^, and washing properties are the chief benefits derived 
through the use of lithopone. 

Zinc sulfide pigments are used in the manufacture of paper to provide 
high opacity", good color, and brightness. These pigments are used 
chiefly in bond papers, bread wrap, and envelope kock. 


Zinc Saits 

The zinc salts, such as zinc chloride and zinc sulfate, are useful in a 
number of fields. Zinc chloride is used as a wood preservative, in solder- 
ing flux, dry batteries, vulcanized fiber, and oil refining. Zinc sulfate is 
employed in orchard spra^^«, by elcctrogalvanizcrs, printers and dyers of 
textiles, in the ra^^on, glue, and paint and vanfish industries. 
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Other Uses 

The foregoing is by no means a complete list of all the uses of zinc 
and its products. It is impossible to describe all the applications. To 
the many old applications, new ones are being added constantly. How- 
ever, the uses covered are the principal ones in point of tonnage used, and 
thus give a good picture of the consuming end of the zinc industry. The 
chart on page 447 indicates the range of the use of zinc, although even this 
is necessarily incomplete. 


Production 

In turning to the production end of the zinc industry, the purpose is 
to describe in outline the methods by which zinc and its products are 
mined, smelted, and processed. This is not intended to be a technical 
^treatise; therefore much of the detail is omitted. 

In the mining of zinc ore, thousands of men are employed. In the 
process of smelting the ore and converting it into the various forms in 
which it is used, many more thousands earn a livelihood. Zinc as a 
mine product represents millions of dollars in value. Millions more are 
added as it completes its course through the smelters, plants, and work- 
shops which convert zinc into marketable goods. 

In 1860, the production of primaiy zinc — that is, metal from ore — in 
the United States was at the rate of about 800 tons a year. In 1900, 
124,000 tons were produced. 1917 was the peak year with 670,000 tons. 
The nearest approach to this figure was in 1929, when the production 
reached 625,000 tons. Since that date production has hecn as follows: 


Y car Tons 

1930 498,000 

1931 292,000 

1932 207,000 

1933 307,000 

1934 364,000 

1935 421,000 

1936 492,000 

1937 557,000 

1938 . 446,000 

1939 507,000 


Zinc at the Mine 

According to the Minerals Yearbook of the Bureau of Mines, zinc is 
mined in 19 states. The approximate percentage of the total production 
of recoverable zinc mined in recent years is listed on the next page. 

There is also a small production of zinc ore from Arkansas, Kentucky, 
and Illinois. 

Zinc mining involves several processes which are common to modern 
mining operations. The ore as found naturally is invariably a mixture of 
a smaller proportion of valuable minerals and a larger proportion of 
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Tauw: it 

PRODUCTIOX OF ZINC BY STATES 


State 


PercaiiarfC of 
Total Production 

rstern Stales: 

Idaho 


... .8% 

Montana 


8 

Nevada . . . . . 


1 

New Mexico 

« . . . 

. . 0 

Utah .... 


. . 6 

Arizona 


1 

Colorado 


. 1 

AVashington 


2 


Total... 32% 

Centra! States: 

Tristatc district (Kansas Missouri, 

Oklahoma) 3G% 

AYisconsin 1 

Total 37% 

Eastern States: 

New Jersey 15% 

New York 0 

Tenncs=Jce and Virginia 10 ^ 

Total 31% 

common rock minerals. It is drilled and blasted b}' the miners, and 
delivered to a mill wdiich separates the valuable minerals as ‘‘conccn- 
trate=:” and discards the common rock minerals as ^‘tailings.” 

The earliest zinc mining in America was done about 1850 at I^ranklin, 
New Jersey. For some years operations were sporadic and on a small 
scale. This deposit is remarkable in that the zinc minerals occm' prac- 
ticall}’ free of sulphur and the ores consist of a zinc-iron manganese inin- 
eralj franklinite, a zinc silicate mineral, willemite, and a zinc oxide 
mineral, zincite, in association with the rock mineral calcite. This is 
the only deposit in the world where these minerals occur in commercial 
quantities. 

The separation of the zinc-iron-inaipanese mineral from the other zinc 
minerals was done in earlier days by hand sorting. The development of 
a magnetic method of separation ibr the milling of these ores made it 
possible to more economically recover the ores from these deposits 
Flotation is not employed. Gravity separation supplements the magnetic 
process. Operations in this district produce oxide and silicate concen- 
trates relatively less in zinc than the sulfide concentrates but well adapted 
to tlie production of high-grade metal. 

The largest producer of zinc concentrates is the Tristate District^ 
formerly knovm as the Joplin District, located in adjacent portions of 
Kansas, Alissouri, and Olclalioma. jMining operations in this district 
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commenced in 1850, but until 1870 were for lead only, the zinc oic min- 
erals being discaidcd in ignorance of their potential worth. Bcfoie 1910 
most of tlie mining was done m Missouu, but since 1915 the Oklahoma- 
Kansas operations, centering aiound the town of Picher, Oklahoma, have 
contributed the great bulk of the output. About half the Oklahoma 
production is from Quapaw Indian lands. 

Tristatc mining is shallow, the deepest mines being about 400 feet deep. 
The shallonnc's and bulk of the ore bodies make it possible t6 mine vciy 
Ion -grade ores, nhich aveiage only 4 per cent metallic zinc and 0.8 per 
cent metallic lead. 



Fig 7 Dnlhng and oro removal in a zinc mine 


Much of the jjulling is done in Inrge central nulls which handle oie fioni 
many The largest of these nulls has a capacity of 10,000 tons of 

01 c pel 24-hoiir day 

Tiibtate conccntiatcb aie sulfide concentiates of unusually high giadc, 
avci aging about 60 pci cent metallic zme content They go to letoit 
smelters in Oklahoma, Aikansas, Illinois, West Yiiginia, and Pennsyl- 
vania and aie piincipally reduced to metal foi the galvanizing and brass 
markets 

The white mounds, or “chat’' piles, which catch the eye of the visitoi 
arc “tailing piles,” waste lock discaided m the nulling operations Im- 
proved milling operations have made it possible to re-treat many old tail- 
ing piles This class of pioduction has accounted for one fouith to one 
third of the conccntiatc output of the di&tnct in icccnt yeais but is now 
definitely on the decline 
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In the Western states, the ores containing zinc arc usually complex 
associations of lead, copper, and zinc minerals ^\ith precious metal values 
which require fine grinding and flotation for their separation. The zinc 
concentrates are recovered in this separation mainly as a '^by-product 
Western zinc concentiates may contain recoverable gold and silver, 
^Yhich is not true of most of the Midwcsten:i or Eastern production. 
These zinc concentrates are mainly sulfide^, but average lower in grade 
than Tristate concentrates, ranging between 48 and 60 per cent zinc con- 
tent. A large portion of this zinc concentrate pioduction is smelted in the 
electrolytic plants for the production of electrolytic zinc metal. 

The milling process consists of crushing the oie until the mineral 
grains are released and of following two gencial methods of separation. 
The first, which is applied to sizes between 1 millimeter and 1 inch, 
takes advantage of the differences in density of the minerals, the ore 



Courtesy, EcfjJc PtcJtcr Mtnintj and Srncittrg Company 

Fjg S. A central mill in the Tnstate zinc-mining district. 


minerals nearly alw’ays being heaviest, and separates them by their dif- 
ferent rates of settling through agitated fluid media Because large par- 
ticles will settle faster than small ones, it is necessary" to classify them 
into various size ranges before gravity separation. 

The second process, which has only been in common use for about 15 
years, is called ''flotation.” It takes advantage of the fact that certain 
minerals, usually those having a metallic luster, wnll cliiig to small bubbles 
of air if the minerals are finely ground and agitated in water with air. 
The affinit 5 " of "flotable” minerals for air bubbles is facilitated and con- 
trolled by the addition of small amounts of oils and chemicals. The 
fiotable minerals rise to the top of the agitated fluids and are skimmed 
off as a bubbly froth. 

Zinc Smelting 

The concentrates as they reach the smelter contain about 60 per cent 
metallic zinc; but in the process of conversion losses occur, so that for 
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practical purposes 1 ton of slab zinc may be considered equivalent to 2 
tons of concentrates. 

The distillation process. In the "distillation, or retort, process,” the 
concentrates are first roasted, and the sulphurous gases from this process 
are converted into sulphuric acid, the zinc being converted into a zinc 
oxide. The oxidized zinc concentrates are then mixed rvith fine coal and 
placed in a retort furnace fired by natural gas or producer gas made from 
coal. In these operations, the carbon in the fine coal inside the retort 
unites with the oxygen of the zinc concentrates, and metallic zinc is liber- 
ated at a temperature higher than its boiling point. This zinc passes 



Fvg. 9. Aerial view oi Picber field, Tristatc zine mining district. 


off in the form of vapor, is condensed to liquid form, and is then drawn off 
periodically and cast into slabs weighing about 55 pounds each. 

There are two general types of distillation furnaces in use, namely, tlic 
older horizontal retort type and the more recently developed vertical 
retort furnaces. 

A large majority of the zinc-smelting plants at present use horizontal 
retort furnaces which employ essentially the same process as was de- 
veloped in Belgium at the beginning of the nineteenth ccntu^J^ This is 
an intermittent or "batch” process, rather than a continuous operation. 
It requires a laige amount of highly trained labor. In these furnaces, the 
retorts are ariangcd in long horizontal rows and the mixed coal and ore 
is charged into the small cylindrical retorts, made of burnt rcfractorj^ 
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clay, which have a capacity of about cubic feet each. Each 24 hours, 
the condensers are taken down and the retorts aic cleaned and recharged. 
Refinements and improvements in these processc'? have been developed in 
modern plants and have resulted in a higher rccovci-y than formerly. 

The %'ertical retort is a development of recent j'cars and is designed to 
oveicome the disadvantages of small retorts and intcimittcnt chaiging 
and recharging Tvo processes have been in commercial operation for 
some yeais, both of which are continuous in operation. These furnaces 
arc charged at the top and are discharged at the bottom after the zinc 



Fig 10 The front of a retort-tj-pe zinc furnace, witli five tiers of retort and 
conden'^er umts Each of the mall tongues of flame is escaping from a vent in a 
condenser ^hich is connected with a retort immediately to the rear and is packed 
with a mixture of roasted zinc ore, or “calcine,” and finely pon dered coal. 

content has been distilled out. One of the processes uses the electro- 
thermic principle, with a vertical retort heated internally by the resistance 
of the charge. 

The gi'ades of zinc ordinarily produced by the distillation, or retort, 
process satisfactorily meet the major requirements of the consuming 
market. The demand for high-grade zinc is supplied by a redistilling 
and rectifying process following the primarj^ reduction, by which method 
zinc of 99.99+ per cent purity is produced. 

The electrolytic process. The “electrolytic process” of producing 
metallic zinc was developed in the Western states in about 1915. As th^ 
selective flotation process made additional quantities 'of zinc concen- 
trates available in localities nhere electric power is cheap, the production 
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of slab zinc by the electrolytic method increased and now is responsible 
for about one fifth of the total production in the United States. This 
represents the production of three electrolytic plants, two in Montana and 
one in Idaho* 

In this process, the zinc content of the roasted ore is “leached” out 
with dilute sulphuric acid. The zinc-bearing solution is then filtered and 
purified, and the zinc content is lecovered from the solution by electroly- 
‘ sis. The curicnt passing through the electrolytic cell deposits the metallic 
zinc on the catliodes or negative poles, from which it is stripped at regular 



Courtesyt Anaconda Copper Mining Company 
Fig 11 Electrolytic zinc production Intenor of tank house. Workman in fore- 
ground IS stripping zinc sheet from aluminum starter. 


intervals and then melted and cast into slabs. The zinc produced by this 
process is of high grade, testing up to 99.99+ per cent. 


Secondary Zinc 

Secondary zinc is iccovered from scrap material of various kinds, in- 
cluding brass and other alloys. The statistics covering this phase of the 
industry arc not considered complete, but the best available indicate that 
in recent years the recovery of secondary zinc in the United States has 
equaled from 18 to 20 per cent of the total zinc production. In addition, 
a considerable quantity of by-products are made from zinc-dross skim- 
mings and ashes, the waste product from galvanizing operations. 
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Until very recent years, secondary zinc was an unimportant factor. 
Unlike other metals, zinc entering consumption is more often than not 
totally consumed, as for example in galvanizing, and is not recovered. At 
the present time, with the increasing use of zinc in alloys, secondary zinc 
from such sources is beginning to assume more importance. 


Zinc Compounds 

In addition to the production of slab zinc, an important quantity of 
the ore which is mined is converted directly into zinc oxide, lithopone, and 
various zinc salts, such as zinc chloride and zinc sulfate. These com- 
pounds, produced directly from ore, account for approximately 17 per 
cent of all the ore produced in the United States. 

The process used in producing zinc oxide directly from ore is generally 
termed the '' American process.'^ By this method, oxidized ores mixed 
with coal are burned on a grate under forced draft. The resulting fumes 
pass through flues and finally into bags, which collect the condensed zinc 
oxide particles. Zinc oxide is also produced by the 'Trench process,’^ 
directly from high-grade metal, and in recent years there have been in- 
creasing quantities produced by this process from scrap zinc. 

Lithopone is precipitated from a mixture of zinc sulfide and barium 
sulfate solutions. The precipitate is cleaned, dried, and roasted, and is 
then cooled and finely ground. 


By-Products 

Sulphuric acid is the main by-product of the zinc industry. This is 
obtained from the sulphur gases evolved in roasting the zinc concentrates. 
Most of the acid thus produced is sold to chemical manufacturers and oil 
refineries. 

Other by-products include certain metals which occur vdth zinc in the 
ore bodies and which are not entirely separated in the concentration 
process. These include lead, silyer, gold, and copper; also cadmium, for 
which there is an increasing demand as a bearing metal and for surface 
finishes and plating. 


The Marketing oF Slab Zinc 

Slab zinc is sold according to standard specifications, which have 
been adopted by the American Society for Testing Materials and by 
industry generally. 

As a matter of convenience to both buyer and seller, prices are gener- 
ally quoted in cents per poimd at East St Louis, regardless of the point of 
production. The buyer’s cost is consequently the quoted price at East 
St. Louis plus the established freight rate from that point to destination. 

The market for zinc is an international one. Normally the price out- 
side of the United States is quoted on a London basis, where trading in 
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zinc on the metal exchange is active and prices constantly fluctuate.- It 
is therefore a great convenience for both buyers and sellers in the United 
States to have one base price upon which to make comparisons. The 
system of quoting prices on an East St Louis basis developed naturally 
because of its convenience not only to the buyers and sellers of slab zinc 
but also to buyers and sellers of ore generally, who may transact business 
with a specific relationship to the price of the metal itself. Small pro- 


Table 111 

STANDAKD SPECIFICATIONS FOR SLAB ZINC 


Grade 

Per Cc7it of Maximum Impxtritics Allowed 

Total for 
lead, iron, 
and 

cad7num 

Lead 

Iron 

Cadmium 

Ahoninutn 

Special High-Grade . . . 

0.007% 

0.005% 

0.005% 

none 


High-Grade 

0.07 

0.02 

0.07 

none 


Intermediate 



0.50 

none 


Brass Special 

0.60 


0.50 

none 

1 0 

Selected . . 

OSO 

0.01 

0.75 

none 

1.25 

Prime Western 

1.60 

. 

O.OS 



1 

1 

! 

1.68 


ducers of ore frequently sell their output on the basis of a future East St. 
Louis price or upon an average of such price over a period of time. This 
IS not only a boon but a means of protection to such mining operators, 
who otherwise would be quite unable to follow the market for the metal 
and the relative value of their ore. 

The East St. Louis price, which is widely published, is the price for 
Prime Westem zinc, the type of metal most generally used in galvaniz- 
ing. High-grade zinc is sold at a premium over and above the price of 
Prime Western, but on a delivered basis. The other grades, such as Brass 
Special, Selected, and Intermediate, are sold at smaller premiums above 
the Prime Western grade. 

The zinc prices which follow are compiled from quotations published 
daily in American Metal Market for Prime Western slab zinc and indicate 
the trend of values over the past 30 years. 

• lO-Ycar Period Cents ‘per Pound 

East St. Louis 

1909-1918 7.89 

1919-1928 6.55 

1929-1938 4.61 

The highest price recorded was 27 cents in 1915; the lowest, 2.30 cents 
in 1932. In 1939, the average price for Prime Western slab zinc was 
5.12 cents, the high point was 6.50 cents, and the lowest price was 4.50 
cents per pound East St. Louis. 

*With the outbreak of the war, London Metal Exchange operations in zinc 
ceased on August 31, 1939, and normal trading ended as the British Govern- 
ment initiated control of puces and supplies. 
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Zinc in Foreign Trade 

During the War of 1914 to 1918, large quantities of American slab zinc 
were exported, this movement continuing through 1928, although in re- 
duced amounts. Each year since then some slab zinc, zinc sheets and 
strip, zinc dust, and zinc pigments have moved abroad, but in relatively 
insignificant quantities. 

A certain amount of zinc is exported in conjunction with manufactured 
products, principally in the form of galvanizing, or zinc coating, on iron 
and steel goods (galvanized sheets, wire, and pipe) to be shipped abroad. 
For such purposes, a limited amount of zinc has always been imported 
each year with benefit of duty drawback. That is to say, 99 per cent of 
the duty paid upon imports is recoverable when the products are exported. 

In recent years and until 1936, the remaining imports were unimpor- 
tant. In that year imports of slab zinc were 11,722 tons, and in 1937 they 
increased to 39,398 tons A temporary’' emergency explains the large rise 
in 1937 imports: a power shortage, resulting from drought conditions, 
seriously curtailed electrolytic production in hlontana, and a G-month 
strike reduced the output of one of the Illinois smelters. In 1938, im- 
ports of slab zinc dropped to the more normal figure of 7,486 tons. 

The United States is self-sufiBcient with respect to zinc and zinc prod- 
ucts. Under normal conditions the domestic industiy^ is equipped to 
supply not only all industrial requirements but also the countr 3 ’’'s emer- 
gency defense needs, an important consideration, inasmuch as zinc is an 
essential war material. 

A reduction of 20 per cent in the duties on imported zinc ore and slab 
zinc, which became effective January 1, 1939, came as a threat to the 
self-sufficient status of the United States and was a serious blow to the 
domestic zinc industry. These duty reductions were granted Canada in 
the Reciprocal Trade Agi*eemenr consummated with that country in 
November, 1938, but under the United States’ most-favored-nation policy, 
these reductions automatically applied to imports from all zinc-producing 
countries except Geimany.® 

As a direct result of the duty reductions, zinc ore and slab zinc imports 
increased materially in 1939. The tonnage received from Canada was 
relatively small; but other countries, including ^Mexico, Peru, and Bel- 
gium, were responsible for the sharp rise in 1939 imports, which exceeded 
1938 figures by more than 155 per cent. Mexico shipped over 59 per cent 
of our total imports in 1939 and thus was the chief beneficiary^ of the duty 
concessions. 

Zinc production in the United States is greater than in any other one 
countiy\ In the past, Belgium has been the second largest producer of 
the metaU but Germany (including Czechoslovakia) in 1939 finally won 
title to second place, Canada being fourth on the list, followed by Poland. 

®At the end of 1939, additional zinc products (sheet zinc, zinc oxide, and zinc 
chloride) were also listed for possible duty concessions in current negotiations 
fo” a reciprocal trade agreement with Belgium. 
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The threatened alterations in the map of Europe may make profound 
changes in this picture. Nineteen countries in all are listed ns producers. 
Large quantities of zinc ore are produced in Australia, Canada, New- 
foundland, ]\Icxico, and Ind|a, and are normally shipped to European 
smelters for conversion into metal. 

The United States also consumes more zinc than any other country, its 
percentage of the total averaging about 31 per cent, Germany 15 per cent, 
Great Britain 14 per cent, Belgium per cent, and France 51A per cent. 

Several of the countries outside the United States have greatly in- 
creased zinc production in their efforts to become self-sufficient in this 
strategic metal. Germany and Russia, for example, have each trebled 
their production in the last 5 or 6 years. The effect of this situation upon 
the position of the United States in the world zinc picture has been 
apparent for some lime. According to American Bureau of Metal 
Statistics figures, the United States’ share in the world’s slab zinc pro- 
duction dropped from 42 per cent in 1927 to 24^ per cent in 1932; it 
increased to 32 per cent in 1936 and 1937, but dropped to 26 per cent in 
1938. 

The United States not only has a great interest in these developments 
during periods of \Yorld disturbance but is also vitally concerned with the 
problem of safeguarding its valuable consuming market from foreign 
domination under normal conditions. To assure the continuation of the 
old-established zinc industry and the preser^’^ation of its home market, 
it IS essential that the policy of adequate tariff of years’ standing shall be 
leinstated and maintained. In this connection Dr. John W, Fincli, then 
Director of the Bureau of Mines of the United States Department of the 
Interior, in an address on strategic and essential materials in April, 1938, 
emphasized the importance of preserving those industries which now 
provide self-sufficiency in important raw materials, as follows: 

In this connection I should like to suggest that a reduction m the 
present t a rill on lead and zinc can hardly be considered in the public 
interest if viewed from the standpoint of national defense. The fact 
that these inetals arc produced in large quantities m neighboring coun- 
tries is not adequate protection, as we have no assurance that supphes 
could bo obtained from these countries in an emergency except at exor- 
bitant cost or by military effort. It seems to me that the maintenance 
of the security afforded by our ability to supply our own needs of these 
important industrial raw materials should receive careful consideration. 
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The Glass Industry 


Early History of Glassmaking 

Notwithstanding the universal use of glass products in a great variety 
of forms, the discovery of glassmaking is clouded by the dust of centuries. 
Its history’, however, is full of achievement, color, and romance* Beauti- 
ful as have been its products through the centuries, hallowed as are the 
pieces of antiquity still left to us, and marvelous as are its modern proc- 
esses, the manufacture of glass never has brought great wealth in its 
train. 

Those who have unearthed glass objects in the old tombs and buried 
cities of Egypt, Eastern Asia, and Greece have shovm that the glass- 
making art flourished widely. It is luiown to have died under the onrush 
of the barbarian hosts which overwhelmed Rome and that for long 3^ears 
it la)^ dormant, until the Venetians brought glassmaking to an art. 
Slowly it has spread, until now there are glass factories of one kind or 
another in nearly every country’' on the globe. 

Many have tried to solve the mystery of how and when glass was 
first made. Pliny has given a fanciful report of an accidental beginning 
on the shore of Phoenicia, but discoveries since his time show that glass 
was made long before that. Glassmaking is related to metallurg;^’', and 
the belief today is that glass was among the first three man-made prod- 
ucts. Pottery and metallurgy probably were closely allied to glassraak- 
ing, as they have been since. Some ancient bits of glass show evidence 
of having resulted from remelted metallurgical slags; others indicate a 
close kinship to glazing materials used on pottery. 

The earliest traces of glass manufacture are found in Egypt. Glass- 
blowers are pictured on tombs built about 4000 b.c., and beads and 
scarabs of glass are found on mummies buried 2500 years b.c. or at an 
even earlier date. Mummies found in the tombs of Memphis wore neck- 
laces made of beads of paste glass. It is not improbable that the art is 
several centuries older than the first authentic traces found along the 
Nile. 

Composition of glass. Broadly speaking, glass consists of a mixture 
of two or more silicates united by fusion into a homogeneous, hard mass. 
If the chemical denominations are disregarded, glass can be said to be 
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composed of sand, salt, and lime. These three materials are elemental 
in several forms and are found at many places throughout the v’orld. 
Sand from rivers is available everyv^here, salt is a common commodity, 
and limestone is freely distributed. ' It is presumed that the Eg^^ptians 
used v’ood or peat for fuel and obtained their sand from the banks of the 
Nile, their salt from the Natron Lakes, and their lime, if not from crushed 
limestone, then as an accidental ingredient from the sand or salt 

The mystery of ancient colored glass. The real mysteiy is, how did 
the Eg>^ptians make so many beautiful colors; what agencies were used? 
Are these colors the result of the aging of the glass or atmospheric con- 
ditions, or were they included in the glass in melting, and how? These 
are baffling questions. It is probable that many productions of ancient 
peoples have been lost through disintegration of the glass, because glass 
will decompose under manj^ conditions. From the remnants that remain, 
however, it is obvious that the}^ highly valued glass. In several verses 
of the Old Testmneyitj it is even placed in the same category as gold. 

Propagation of glass art. Glassraaking spread from Eg 3 qit into Asia 
and was carried to artistic heights by the Assyrians and Persians From 
the Asian provinces and Greece it was brought to Rome. Undoubted!}’', 
the Greeks learned the art from the Eg^’-ptians. One of the finest 
examples of the glass art is the Portland Vase, now in the British Museum,' 
which in 1930 the Duke of Portland refused to sell for less than $250,000. 
This vase was broken by a madman about 1890 but was skillfull}’' repaired 
by an English glass decorator. It shows white, or opal, glass super- 
imposed on blue glass, with Grecian figures standing out in white on the 
background of blue. There are glass vases of the early Christian era in 
Naples, Rome, and Venice at which modern glassmakers marvel. 

Rome carried glassmaking farther than it had been carried before 
Citizens of Rome had glass vases, goblets, cups, and large urns of glass*, 
some even used glass in their windows. There are many evidences of a 
very active glass industr}" in Rome up to the time the Huns swept Roman 
eivilization into oblivion. Then came years of darkness in western 
Europe. Except for glass for church windows, glassmaking was virtually 
a lost art for man}^ generations. As Venice rose to power, with its fleets 
scouring the Mediterranean World, glassmaking became one of its proud 
monopolies. Through long years, the Venetians built up a real industry, 
emphasizing table glassware and mirrors. Factories were built at Tyre, 
and at one- time whole streets were occupied with glassworks. The 
Venetians were so secretive that it meant death for a glassworker to 
leave Venice, especially after manufacturing was concentrated on the 
island of Alurano. A Venetian law in 1474 provided that, if a glass- 
blower left Venice and did not return, an emissary should be sent to kill 
him. 

Despite the secrecy of the Venetian rulers, the glassworkers were 
stolen away one by one and scattered throughout Germany and France, 
and even came to England. Princes and rulers paid large sums to entice 
skilled glassmakers from Venice. 

The road of ancient glass manufacture wound from Egypt to the Near 
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East to Rome, Venice, and Bohemia* Today glass is made in all ci%dlizcd 
counlries. Glass is a mark of civilization* All the older countries of 
Europe have glass factories; nearly all South American countries, India, 
China, Japan, Auslralia, New Zealand, and South Africa arc making 
glass in one form or nnoti)cr. 

Early methods of glassmaking. For centuries there was little prog- 
ress in the methods of manufacturing* Until 70 years ago, the glass art 
had shonn very little change, aside from refinements of old methods. 
In fact, there were greater changes in the first quarter of the twentieth 
centuiy than in the 30 or 40 centuries before. 

In the enrh" days, materials were melted in clay pots and then fashioned 
with shears and pieces of wood while the glass was still hot. The temper- 
ing* or annealing, was done in ovens. Pots .still were common in 1900, 
although the blowpipe* the pressing machine, and molds had been in- 
vented Glassmaking is peculiarly dependent on the ability of the 
workei^. The expert glassmakcr, through the centuries* handed down 
tlnough his family the secret of what materials to use, the composition 
of the '‘batch/^ The blower and finishers, who shaped the glass articles, 
kept secret (he whys and wlioreforcs of their skill. The decorator* 
whether cutter or etcher, expert in colors and enamels, hid as much as 
IU)«:siblo of what ho knew. 

As a result of this secrecy, glass factories ayctc small and output was 
bmiled just as markets were* Not until the dawn of the ninotccntli cen- 
tury dul glas^making really become an industry. The progress at first 
was ^oineuhat slow, but from 1860 to the present day it has been ex- 
tremely iwift compared with tlint made in earlier centuries. The tools 
and facilities of the old glass artisans were limited in number. The in- 
vention of a metal blowpipe, really u piece of pipe with a mbnth- 
jiieee, marked the first great advance. Up until that time shaping of 
the glass had been done with crude pieces of wood and a pair of shears, a 
method still used in some places. The fusing of one glass on to another, 
as in cased glass, depended on the dexterity of the workman. Great 
goblets like those made in Venice were fashioned slowly by hand and 
were decorated by hand with simple tools* The wonder is not how little 
but liow much of the products of glass factories of 2o0 years ago still 
survive. Of course, an even greater wonder is the survival of those glass 
beads and bottles found with the mummies buried in Egypt 2,500 years 
n.c. 


The Glass Industry in the United States 

The first manufacture of bottles and beads of glass in the United 
States was at Jamestown, Virginia. The English company’' interested in 
the Jamestown project shipped several workmen from continental Europe 
as soon as they learned that sand and some other materials were avail- 
able at Jamesto^sm. This first effort was short-lived, as were many other? 
between 1607 and 1860. 

With little or no assistance from local, state, or national government* 
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with no patrons of wealth to aid them, and witli fierce competition from 
abroad to face, to say nothing of hampering legislation, American glass 
manufacturers carried on, some to triumphs, even if short-lived, but most 
to hard work and eventual financial disaster. 

Early American glassmakers. After the Jamestown attempt, the first 
authenticated factor}’’ was that of Holmes and Southwick at Salem, 
Massachusetts, where the Puritans tried their hand at glassmaking. 
This venture was not successful, and the next glass industry beginning 
took place in Xew York in the days when the city was still known as 
“Nieuw Amsterdam.” Glassmakers Street was the name of a thorough- 
fare between what are now Wall and Pearl Streets, and here there were a 
number of small glass factories. Among the early manufacturers in New 
York were the jMelyers, the first glass industry family in America, and 
they manufactured glass “unto the third and fourth generations.” 

Authentic data as to factories at Philadelphia and IMullica Hill, New 
Jersey, prior to 1737 are lacking. It is definitely known, however, that 
Caspar Wistar began making glass tableware in Salem County, New 
Jersey, in 1739. Some of this “Wistarberg” glass sursdves in collections. 
The quality of Wistar glass was not exceeded until the famous Stiegel 
became active in 1765. One of Wistar^s workmen, Jacob Stenger, (or 
Stanger) started a factory at Glassboro, New Jersey, in 1775. Glass- 
boro still has a factory and holds claim to the honor of being the oldest 
glass tovm in the United States. Contemporar}^ with Richard Wistar, 
son of Caspar, there were ventures in Braintree, hlassachusetts, and in 
Philadelphia. 

Henry W. Stiegel, first glass manufacturer of importance. Henry 
William Stiegel, who took the title of “Baron von Stiegel,” w’as a German 
immigrant to Lancaster County, Pennsylvania, in 1750. After a few 
years as an assistant in an iron foundr}’’, he became interested in glass- 
making and secured financial backing. His first products were bottles 
and window glass, which proved successful. Stiegel saw an opportunity 
to build an industr}’’, so he went to Europe to get workmen who made table 
glassware. He studied glassmaking in England and on the Continent, 
and from Germany and Bohemia brought back skilled workers, some of 
whom brought along their tools and molds. Ten miles north of Lancaster 
a new village was laid out and a factory erected to employ 125 hands. 
This \’illage was Mannheim and the year was 1765. The venture suc- 
ceeded, and soon Stiegel had his own retail shops in several colonies. 
With prosperity came personal extravagance, and then came onerous 
governmental restrictig^s from London. The pre-Revolutionary disturb- 
ances proved disastrous; th^business came to an end in 1774 and Stiegel 
was sent to prison for debt. Products of the Stiegel factory are held in 
many collections, and he is acknowledged as the first glass manufacturer 
of importance in the United States. 

Location of early glass manufacturers. During and after the Revo- 
lution, in addition to the plant of Stanger’s at Glassboro, there were fac- 
tories in Philadelphia, in New Hampshire, and in Massachusetts. Then, 
in 1785, came a creat venture at New Bremen, ^laryland, in which $150,- 
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000 were spent on the factory and town. Frederick Ainelung and his 
workers turned out some attractive glassware, but the venture failed in 
1795. Christian Kramer, who worked for Ainelung, is held the equal of 
Sticgcl as a glassmaker and the superior of Wistar and Ainelung. Later 
Kramer interested Albert Gallatin, famous as Secretaiy of the Treasury, 
in bottle- and window-glass production along the Monongahela. 

In 1798, O’Hara and Craig, who were pioneering with the use of 
bituminous coal as a fuel, started a bottle- and window-glass factoiy in 
Pittsburgh. In 1803, they changed to jars, decanters, tumblers, and 
items in blue and other colors. Soon other factories arose in New Eng- 
land, New Jersey, central New York^ and eastern Pennsylvania. How- 
ever, the War of 1812 and detrimental tariff laws were liampering factors, 
and most of the ventures died quickly after a year or two. Nevertheless, 
a few managed to worry through. The most important of these were in 
Massachusetts and in Pittsburgh. 

One of the strongest was Bakcwell, Page and Bakewell, of Pittsburgh; 
this company per.sisied for 74 years, or until 1882. It was known as 
'^BakcwelFs” and owed much of its success to the fact that it was easier 
to ship glass westward from Pittsburgh than to bring it from New Eng- 
land or New Jersc}* and then send it forward to the West. 

Other factories were the New England Glass Company, where Doming 
Jarves, Enoch Robinson, Jolm L. Hobbs, William Leighton, and William 
L. Libboy plaj^ed important roles. Deming Jarves also started the 
Boston and Sandwich Glass Company, makers of ‘^Sandwich’’ glass at 
Sandwich, on Cape Cod. He left Sandwich in 1858 and went to the New 
England factoiy. The Sandwich plant reached its height under George 
Washington Lafayette Fessenden, commonly known as ^'Lafe,” but finally 
closed in 1884 because of strikes in the flint-glass trade. 

Leaders in the glass industry, Edward Drummond Libbej’’, son of 
William L. Libbey, was probably the greatest individual figure in modern 
American glass production. He became proprietor of tlio New England 
Glass Company at East Cambridge, and in 1888 moved the business 
to Toledo, Ohio, where in 1892 it became the Libbey Glass Company. 
Mr. Libbey’s interests widened to such an extent that, at the time of his 
death m 1925, he was president of the Owens Bottle Company and of the 
Libbey-Owens Sheet Glass Company, and the Libbey Glass Manufactur- 
ing Company was carrying on in place of the Libbey Glass Company. 
Since Mr, Libbey's death, the Owens Bottle Company has become the 
Owens-Illinois Glass Company, the largest indi^’*jdual maker of bottles 
and containers; and the Libbey-Owens Company'll^ become the Libbey- 
Owens-Ford Glass Company, the largest producer^f hvindow glass. 

Other famous figures of the near past and the present are James B. 
Lyon, who brought pressed-glass tableware production to an art; A. J. 
Beatty, great producer of blown glassware; and Captain John Ford, the 
first successful plate-glass manufacturer. Well-knoum families have 
been the Bryces, Adamses, and Bakewells for table glassware; the 
Bodines, McKees, and Pitcairns for flat glass; the Lovises, Cunninghams, 
Bradys, and others for bottles and containers; the Gleasons and Gillin- 
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ders, and also the Macbeths and Evanses, for illuminating glassware. 
The Houghtons at Corning, New York, have made many important con- 
tributions to the glass art, including industrial glasses. Companion to 
Edward D. Libbey was Michael J. Owens, probably the greatest inventive 
genius the glass industry ever has knowm. The contributions of Owens 
to processes and methods in the manufacture of illuminating glass, bottles, 
and flat glass have been most important factors in mechanical production. 

The names of John Pitcairn, Libbey and Owens, and the Houghtons 
mark the transition from instability to stability in the glass indust^3^ 


Economic Sisnificance of the Glass Industry 

While production of glass may not be so great an industry as the 
production of steel, the great variety of things made in glass and its 
multiplicity of uses give it a unique place. Eveiyone comes in contact 
with glass m almost every phase of daily life, and it contributes to many 
industries. For example, illuminating — especially b}^ electricity — is 
based on glass in bulbs and tubes, just as natural illumination in homes 
is based on glass windows. 

The transparency and strength of glass give it possibilities over other 
materials, and glass has the additional advantage of being easily made 
and formed. Glass containers make it possible to see the contents of 
the container and also are more attractive than other containers. The 
optical industry is founded on glass. Our great scientists depend upon 
glass in microscopes as well as on glass vessels in the laboratory’'; astron- 
omy would be a lost science without glass. Few materials offer a trans- 
parent surface with strength and immunity to heat and acids, an attribute 
which has brought glass into constantly wider use in laboratories. 

Glass has made the closed automobile possible, and the new non- 
shatterable glass has provided a real safety element. Modem stores 
would lose much of their attractiveness without glass, and even the mirror 
has its place in every life. Wire glass is a great fire retardant. The 
glassware which twinkles on the table and in the home lends beauty as 
well as an air of hospitality and good feeling. The removal of glass 
products would be a real catastrophe, because no worthy substitutes are 
available. 


AmJ|||cdn Glass industry of Today 

Glass manufactuii^^ is divided into three branches: flat glass and 
buildingjlasSi botXl^ and containers, and pressed and blowm glassware. 
The firsTHudsion is comprised of every form of flat glass, including mir- 
rors and colored glass used in making art-glass windows. Bottles and 
containers constitute a classification that identifies itself. It is com- 
prised of every kind of container, from small medicine or perfume vials to 
large acid containers. Pressed and blorni glassware takes in not only 
glassware for the home and table, illuminating ware, laboratory and 
chemical glassware, but also a great range of specialties for the "home, 
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office, art5 and sciences, professions, and industry. One great factory for 
pressed and blown glassware pioduecs bulbs for electric lighting, great 
insulators for power lines, fine art ghisswarc, railroad-signal glass, and 
heat-resisting glass for cooking and serving in the home as well as for 
use in chemical and other industries. 

Raw materials. There arc some raw materials, like silica sand, soda 
ash, and limestone, which arc used in all branches of the glass indust r}*. 
Other materials arc used only in one or two branches, and some for only 
certain varieties within a branch. Most raw materials are obtainable 
in the United States, although some are brought from foreign lands, such 
as kr^^olith, a material which is used in maldng certain forms of illu- 
minating glassware and is found only in Greenland. 

Silica or silica sand, as used by the glass manufacturer, is more than 
99 per cent pure silica. Today people demand a clear glass, and traces 
of color are not desired in window glass, containers, and table glassware. 
The sand, therefore, must be almost pure silica. The great beds of it are 
found in Pennsylvania, near Lewistown; in West Virginia, near Berkeley’'; 
in Illinois, at Ottawa; in Missouri, near St Louis; and in several other 
states. The Lewistown, Berkeley, and Ottawa deposits are the great 
sources of supply for most of the glass inclusti'y. 

Limestone comes from central Pennsylvania, northwestern Ohio, and 
Indiana. Soda ash, a product of salt, is produced in New York State, 
in Pennsylvania, Olno, and Michigan, hletallic oxides arc used in vary- 
ing amount for coloring glass Feldspar and borax toughen certain forms 
of glass. Feldspar comes from North Carolina, New York, and IMaine; 
borax, from California. 

Glass manufacturing centers. Fiona Pennsylvania, West Yii'ginia, 
and Ohio comes a ver^’' large proportion of all the glass products made in 
the United States. New Jersey, Oklahoma, Indiana, Illinois, New York, 
and California also produce glass in manj’^ forms. Southern New Jersey 
was the first great center until its place was taken hy Pittsburgh. Pitts- 
burgh, because of its proximity to the factories in the three most impor- 
tant states, still is the most important center of the industry. Toledo, 
Ohio, ranks second because it is the headquarters of three large producers. 
Okmulgee, Oklahoma, is another center. 

Pittsburgh at one time had nearly all the glass factories, but when 
natural gas was discovered in central and northwestern Ohio, the factories 
flocked there. Indiana next came into the limelight; then followed a 
rush westward to Kansas. These centers were short-lived, and the last 
great movement was eastward into West Virginia, today the state with 
more glass factories than any other. West Virginia has the world's 
largest window-glass factory, the world's largest tumbler factory, and 
some of the world's great bottle and container plants. 

Laboratory glassware and specialties for various purposes are centered 
in southern New Jersey and in Corning, New York. Pittsburgh, Toledo, 
and Clarksburg, West Virginia, are the centers for plate and window 
glass; Toledo, Wheeling and Charleston in West Virginia, and southern 
New Jersey, for bottles and containers; Pittsburgh and Wheeling, for 
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table glassware; Philadelphia, Brooklyn, and Pittsburgh, for illuminating 
glassware: Baltimore, for fancy containers; Elmira, New York, near 
where the milk bottle first was invented, and Toledo, for milk bottles. 
These centers are east of the Mississippi. In the Southwest, Okmulgee, 
Sapulpa, and Shreveport are glass centers. Centers on the West Coast 
are Los Angeles and San Francisco. 

Reasons for the geographical location of the industry. In the past, 
cheap fuel was the deciding factor in the location of glass factories, but as 
far as can be judged from the new factories built in recent years, near- 
ness to desirable markets is now the most important consideration in 
choosing a site. 

Obtaining the raw materials. Sand, which forms the great part of 
the batch of raw materials, is found in rock form. The rock is thrown 
down and broken with an explosive and is then removed to a mill, where 
it is crushed, washed, and sized. Sand is transported to the factory in 
box cars, because it must be as dry as it is possible to get it. Limestone 
is used either raw or crushed. Soda ash is in quality of 58 per cent 
dense and looks like flour. It is packed in bags or shipped in barrels. 
Most other materials do not bulk so large as the three mentioned and 
are generally shipped in bags or barrels or, if quantities are sufficient, in 
carloads. 

Railroads are the principal means of transporting raw materials to 
glass factories. Some plate-glass factories obtain their grinding sand 
from neaf-by streams. This is not a raw material but an abrasive, used 
in the manufacture of glass. As a rule, glass factories are located out- 
side large cities, and even small amounts of raw materials, such as those 
used for coloring matter, must be shipped by freight and express. Those 
factories in large cities will use trucks where convenient. 

Manufacturing Processes^ 

Window glass. Prior to 1905 production of window glass was mainly 
by hand methods. It was blown by skilled workmen into the form of 
small cylinders, which had to be split and flattened before cutting. In 
1905 the cylinder machine came into use, and from then until 1915 the 
two methods — the cylinder machine and the hand method — competed. 
In 1915 the sheet-drawn machine began to operate commercially, and at 
the present time this method has practically superseded both the cylindri- 
cal machine and hand methods in the United States, The hand method 
persisted until 1924, but only in a small way after 1919. The cylinder 
machines are still used, but over 95 per cent of the total output is from 
sheet machines. 

^ A window-glass batch has materials in these percentages: 51.80 per cent 
silica sand; 1.55 per cent salt cake; 15.155 per cent limestone; 20.64 per 
cent soda ash; 10.34 per cent feldspar. Part of these ingredients are in 
the cullet. 

*'Ihc process used In the mftuufacture of plate glass will bo discussed in the 
following chapter, on *‘Tho Plato-Glass Indu^^trj'.^^ 
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Drawing processes. One of the processes for drawing window glass is 
controlled by one company. This was originally known as the “Col- 
burn process/' after the inventor. In this method the glass is drawn 
vertically over rolls from a melting tank. The tank, like all furnace 
tanks, is made of clay refractory blocks. It may be able to turn out up 
to 250 tons of molten glass gvoyj 24 hours. In this process the molten 
glass flows into a “fining" chamber, leaAung impurities behind, and enters 
a shallow section. Thence it is conducted through a pair of continuous 
rollers, one above and one below. The speed of the rollers and the 
volume of the glass decide the thickness, which may be from single thick- 
ness (14 sheets to the inch) to inch. After ascending about 45 inches, 
the glass passes over a large roller and is conducted horizontally to the 
annealing lehr. Heat from gas burners is applied to assist the glass in 
moving over the bending roller. The glass sheet then passes over another 
system of rollers just as it enters the annealing lehr, which is upward of 
400 feet in length and is a continuous chain belt. 

The glass issues from the lehr in a continuous sheet up to 72 inches 
in width at a speed of from 2 to 6 feet per minute, depending on the 
thickness. It is cut into “stock sheets" about 8 feet in length. The 
stock sheets are delivered by overhead monorail to the cutting stalls, 
where the skilled cutters cut to exact size and quality. 

In the other process, used by a number of manufacturers, the molten 
glass is drawn through a clay block, which is slotted, tluuugh parallel 
rows of insulated rollers to a platform about 20 feet above the “fining” 
chamber at the “working” end of the tank. From 6 to 8 machines are 
placed on one melting tank, while in the Colburn process a smaller num- 
ber is used. The sheet continues upward and is annealed as it passes 
between the rollers. It is cut into stock sheets and then goes to the 
cutters. The glass has a temperature of 2,000 degrees F. in the tank, 
about 1,500 degrees F. as it enters the rollers, and about 175 degrees 
as it is cut into sheets on the platform 20 feet above the tank. A mono- 
rail system, including an elevator, carries the glass to the cutting rooms, 
where it either is held in sheets or is cut for boxing. 

Types of window glass. In addition to single- and double-strength 
window glass, there is produced in window-glass factories both lighter 
and heavier glass in sheet form. The lighter glass is for dry plates or 
for use in picture framing; the liea vier glass approximates plate glass 
in thickness and in some instance is ground and polished. 

Bending and treating of glass by roughening the surface arc done 
outside the window-glass factories in plants especially equipped for 
these purposes. 

Laminated, or nonshatterable, glass, also known as “safety glass,” is in 
reality a glass “sandwich.” Two sheets of plate glass or of window 
glass, with plane surface and of similar dimensions, are placed in a huge, 
steam-heated press, with the laminating material, generally pyralin, 
between. The two sheets of glass adhere to the pyralin and will not 
break away from it. The glass may be broken but it will not shatter 
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or fly An extreme form of this glas«?, whicli is i\ triple-deck ^'sandwich/’ 
is impervious to bullets at close range and is used widely in banks. 

Wire glass and special glasses. Wire glass is a slicct glass with wire 
imbedded in it. The gla-s is melted in a tank similar to that used for 
window glass and it poured on to a table by use of a ladle. As the 
glass is poured on the table, a piece of wire netting of approximate size 
is placed in it. It i< annealed and cut into lengths. This glass is a 
great fire letardant and it much used in public buildings. 

Heavy glass with figured surfaces for the dilTusion of light is used in 
factorj’' buildings and institutions. It is poured on to a table and rolled. 
The design is on the table, which serves as a Imgc mold. 

Colored glass, sucli as that used in art windows, is melted in pots 
which are placed in furnaces and is blown by hand in cylinders and rolled 
in small pieces. The proper mixture of the batch requires skill. Dupli- 
cation of colors often is most difficult because of variation in materials 
as well as in melting conditions. 

Bottles and containers. The first bottles were generally made in 
factories which also made window glass. The packers and the public 
now demand a clear crystal glass instead of the coloi-tinted containers of 
25 years ago. Bottles first were made by a skilled blower using a mold. 
Today, virtually all bottles arc blown or formed by machinery. 

A huge melting tank, which is fed automatically at stated intervals 
from storage bins carrying the previousl}" mixed materials, supplies the 
glass to the machines. The number of machines served by a'^tank de- 
pends upon the size of the tank and the size of the ware to be made. A 
feeding device, operated electrically, permits the glass to drop in the 
fonn of a “gob” on to the mold. The machine generally lias two sets of 
molds. The first forms the neck or upper part of the container, from 
which the glass, still hot, is transferred to the second set, the “blow” 
molds, where it is blown into final shape. The bottle then passes auto- 
matically to an annealing lehr. Some factories now use individual lehrs 
for each machine; others use a battciy of lehrs for a still larger batteiy 
of machines. Pactorics that make large containers have from three to 
six huge melting tanks and can produce an enormous number of con- 
tainers, not only in crystal, but also in green, blue, and amber. Ex- 
tremely fanc}’' bottles, especially for the perfume trade, still are made 
hy hand 

Production of bottles and containers is more nearly completely auto- 
matic than any other glassmaking process. Many containers are made 
without a human hand coming in contact with material or product until 
the container is inspected at the end of the lehr before being placed in 
a shipping carton. Synchronization of machines and perfect timing 
enable the manufacturer to produce, by a continuously automatic process, 
bottles ranging in size from small vials to those of S-gallon capacity. 

IMichael Owens developed the first automatic forming machine. Others 
who have contributed to the speedy output of bottles and containers have 
been Brooks and Peiler, 0 ^^eill, Lynch, Teeple, and Edward and W. J. 
Aliller. Others too have contributed important links to the process of 
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automatic production, whicli begins with the batch-mixing cart and ends 
with the storage warehouse. It has been said that the machines of today 
will make a bottle, but if it is to be a good glass bottle, the machine 
must be fed with glass in proper amounts and condition. Therefore the 
glassmaker still must hold his post, so that there may be no interruption 
in the flow of ^hnetar^ from the melting furnace (tank) to the machines. 

Extreme care is required in manufacture. Many containers for medi- 
cine, plmnnaccuticals, and condiments arc made for an exact content. 
They are filled hy macliinery, and there must be no variation. This 
demand for exact size and contents has caused many a producer to be 
beset with difficulties in filling an order which might run into diundreds 
of carloads. 

Pressed and blown glassware. This branch of the glass industry 
covers broadly all other forms except flat glass and bottles and con- 
taincis. It ranges from the common tumbler to the fine laboi'atoiy 
glass and optical glass, and to fine tableware and illuminating glass. 
All tilings made of glass cannot be made from the same melting pot. 
For each color and variety and for differing purposes there is a special 
glass. A glass for optical purposes is totally different from that used in 
a heav}'- ash tiay of dark-green glass. Generally, factories confine 
themselves to one or two kinds, although there are some which make an 
almost endless variety of wares 

Common forms of glass for tabic use, including tumblers, are produced 
automatically. Laige tanks aie used for melting the glass, and in general 
the method of manufacture is similar to that used for bottles. The lehrs 
used for annealing, however, arc larger, and the machines are different 
and somewliat slower because they must handle a great range of sizes 
and shapes. The automatic process of manufacturing glass for table 
use is so effective that there are tableware plants which have produced 
more than 5,000 carloads in one year. 

From the ordinary pressed tumbler to the finely decorated water 
goblet there is a wide range. In between come those articles which 
cannot be picssed or blown on a machine. These are made semiauto- 
matically by skilled workmen, who gather the glass, press or blow it 
into shape, and finish it. In this process of manufacture, the press is 
the only machinery used until the annealing lehr is reached. The 
decoration of fine stemware and tableware is an art in itself and ranges 
from cuttings and acid etchings to fine gold encrustation and copper- 
wheel engravings. 

Colored glas&xoaro. In producing colored glasses, highly skilled work- 
manship is required of the glassmaker, and he often is assisted by the 
chemist. Some factories even employ their own technical staffs A 
few men, like Nicholas Kopp and Frederic Carder, have a peculiar knack 
with colors, and the modern factory can produce as many variations as 
the glassmaker of old. Glassware in certain colors can be made by 
automatic processes and, as a. result, are vdthin the reach of all. Other 
.colors, like ruby and deep blue, are costly to make and must be produced 
by hand. 
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The best ruby or red glass is made wth the use of gold in the batch. 
A glass rich in lead is required for the addition of 1 ounce of gold for 
every 60 pounds of batch. This glass must be worked out quickly and 
is hard on the melting pots. A deep opaque-blue glass Jias 300 parts of 
sand, 200 of lead, 100 of soda ash, 3 of oxide of cobalt, 50 of niter, 
4 of borax, and 8 of manganese. In making an emerald-green glass, 
iron filings often are used in a flint batch. Pulverized coke is an active 
coloring agent for black glass. The raw materials for topaz yellow, 
which has been a popular color, are: sand, 62 parts; soda ash, 7.43 parts; 
potash, 13 6 parts; lime, 7.43 parts; red lead, 4.95 parts; borax, 1.24 
parts; saltpeter, 2.48 parts; sodium biuranate, ,743 parts; and antimony, 
.155 parts 

Forming glassware. Despite the variet}" in raw materials and the 
many purposes to which pressed and blomi glass is put, the actual form- 
ing of the many kinds of glass of this type is similar. Ordinarily, a 
hea'V'j’- piece is pressed and a thin glass is blonm. In most cases a mold 
is used. For special laboratory’' and chemical glassware, great skill is 
required; the workman takes tubing of varying diameters and lengths 
and makes his glass articles over a lamp witli an intense flame. 

Inspection. The day has gone when “anything^^ would do in the 
glass industry. Mechanical production has made necessaiy absolute 
control of raw materials, and factories of any’^ size regularly employ a 
chemist to see that raw materials are up to standard. Larger companies 
have technical staffs. Each step in the manufacturing process is watched 
carefully^ and py^'rometers and heat-recording instruments play an im- 
portant part in controlling the temperatures in the manufacturing process. 

Standards have been adopted for many glass products, and inspection 
of the ware for proper classification is necessary\ Except in flat glass, 
there are few quality standards and there are no seconds. Flat glass 
is graded into several qualities; for bottles and containers there is only 
one quality. Bottles, because of the requirements of their users, must 
be made exactly right in shape, size, and content. As the ware passes 
from the annealing lehr, it is inspected. In the bottle and container 
field there are master measurements for each size, and the bottle either 
meets the factory’- standard or is thrown away. At the same time that 
it is checked for measurements it is inspected for other flaws, and it must 
come up to the standard laid down or be rejected. 

A polariscope for closer examination of ware is used in most factories. 
This device shows strains and flaws not apparent in the usual inspection. 
Manufacturers have found it cheaper to maintain rigid inspection than 
to cause delay by permitting off-quality ware to be shipped. Some of 
the cheaper grades of glassware are not inspected closely, but this is due 
to the fact that the purchaser has waived rigid inspection in order to get 
a lower price. Scientific, laboratory, and illuminating glassware is 
inspected most rigidly^. Factories making signal glass for railroads have 
a Government inspector on duty. Manufacturers have found that it 
pay’'s to inspect ware closely, and often a bonus is paid workmen who 
maintain a high standard. 
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Important glass products. Plate glass, window glass, pressed and 
blown glassware, and containers are the important glass products. Their 
comparative volumes of production arc shown by the following statistics 
for 1937. In that j'ear all flat-glass products had a value, at the factory, 
of §100,938,681, as against §68,622,602 in 1935, The plate-glass produc- 
tion was 192,592,000 square feet. The window-glass output in 1937 was 
616,566,000 square feet, with a value of §31,380,000. Table and pressed 
and blown glassware excepting containers, made by all processes, had a 
value of §86,441,000 in 1937 as compared with §67,442,258 in 1935. The 
1937 total included nearly 40,000,000 dozens of tumblers, goblets, and 
barware, with a factory valuation of §12,564,000. Handmade table- 
ware was W'orth §13,377,000 in 1937. Pressed and blown lighting glass- 
ware had a value of §22,290,000. 

Glass containers manufactured in 1937, the record year of this branch 
of the industiy, had a value of §160,646,000 at the factories. This total 
included beer bottles and liquorware to a total of more than 13,000,000 
gross, worth §43,844,000. Containers for medicines and toilet prepara- 
tions numbered more than 18,348,000 gross, with a value of §36,165,000. 
The production of milk bottles holds fairly steady, and in 1937 there were 
2,676,711 gross worth §14,272,620. 

Packing and shipping. Flat glass is shipped in boxes made for the 
particular sizes. These boxes or crates are made in the glass factories 
from rough lumber. An average carload of window glass is about 500 
boxes, although the exact number depends upon the size and weight 
of the glass. Table glassware is shipped in barrels or in cartons, bottles, 
and containers, in wooden crates, or in reshipping cartons. Large manu- 
iacturers supply to users of the bottles cartons properl}^ marked and 
stenciled for the product which the bottles are to contain. They also 
supply closures and seals, if required. Shipments generally are made 
in carload lots. Glass tableware and specialties are the exception to 
this rule, for, although they often are shipped in carloads, they also are 
sent in 1- or 2-barrel lots or in a number of cartons or boxes. 

Marketing methods. Each of the three main branches of the industry 
has its owm marketing methods. Flat glass, with plate and window glass 
predominating, is sold through distributing warehouses or wholesale job- 
bers, except where large users, such as automobile makers, buy direct. 
Some automobile manufacturers have their own plate-glass plants, just 
as large makers of electric-light bulbs have their own factories for bulbs 
and tubing. Very few packers, however, make their own bottles and con- 
tainers. This ware is sold direct through agents in principal cities or 
through traveling salesmen. Generally it is sold on contracts of a ytar 
or more. Pressed and blown glassware is also sold through agents or 
traveling salesmen. Some factories have their own sample rooms in the 
largest cities and their owm sales force for the remaining territories. 
Others sell onl}’’ through agents, some of whom carry more ,than one line. 
Syndicates and chains, such as the 5- and 10-cent stores, are sold direct 
through their main buying ofiices. Buyers for syndicates, chains, and 
department stores also visit the factories once or twice a year, Manv 
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glassware manufacturers attempt further to bring their products to the 
attention of buyers by participating in the annual Pittsburgh trade show 
in January. 

Pressed and blorni specialties are sold directly to the users, and in 
some instances a high degree of technical knowledge is required of the 
sales representative. It is difficult, if not impossible, for a salesman to 
sell both window glass and tableware because the sales outlets are dif- 
ferent and each product requires different handling. 

Export marketing. Except in bottles and containers, there is little 
export business. Most of American exports of glass products go tc 
Canada, Ivlexico, and Central and South America. Companies doing an 
export trade have sales agents at important trading centers. 

Exports of glass products in 1939 had a value of $10,422,000. Thi^ 
was the largest of any year since 1929. In 1939. containeis and bottle 
exports were valued at more than $3,400,000, table gla'^swaro and tumb- 
lers and stemware at $1,962,000, and plate glass at $1,106,359. 

With the exception of 1937, the value of glass exports had exceeded 
import values since 1929. This was in contrast to the trend prior to 
1929. In recent years, the total overseas trade in glass products has 
averaged about $17,500,000. 

In bottles and containers, competition in the United States comes 
from vdthin the domestic industry. In certain types of flat glass, in- 
cluding plate and window glass, imports are a serious competitor. Table 
glassware competition is both domestic and foreign. The old-style 
factories face continuous mechanical production here and cheaper hand 
labor from abroad, especially from Central Europe. Except in plate 
glass, the total productive capacity of the countiy has not been used for 
some years. This has resulted in the abandonment of worn-out plants 
and concentration in the larger and more modem factories. This process 
has reduced the number of window-glass manufacturing companies from 
nearly 70 in 1920 to less than 10 in 1938. 

Labor employed. The number of wage earners employed within the 
glass industry is 70,000. The higher wages go to the higher skilled 
workmen. In the table-glassware field, the highly skilled workers 
number 6,500. In the other branches, the skilled workers have decreased 
in numbers as mechanical devices have increased. There are no general 
health hazards in the glass industiy\ Accidents from molten glass or 
bursting furnaces have groT\m fewer. The decorating branch is probably 
the most hazardous, but precautions are taken to protect workers using 
cutting wheels and acids for etching and other finishing processes. 

Labor relations. In the present centuiy^, the glass industry has had 
an excellent record in its relations with labor. In the glassware field 
particularly, the record of collective bargaining through joint-wage con- 
ferences between skilled workers and manufacturers goes back more 
than 50 years. This branch of the industry is looked upon as a pioneer 
in collective bargaining. The example from the glassware branch has 
spread to other branches of the glass industry. At present, wage scales 
and working conditions in the glass industry are adjusted by joint con- 
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ferences held annually or every other year. Neai*ly all the agreements 
provide that operations shall continue until an agreement is reached. 
There are instances ^Yhere a year has ensued before an agreement could 
be made. During that period the workers continued at their places 
under the previous scale. However, there are a number of nonunion 
manufacturing companies, nearly all of them in the pressed- and blown- 
glassware branch. 

Important legislation. The most important legislation affecting the 
industry is the tariff law. Because glass can be made in most countries, 
it faces peculiar competition from abroad The higher wages in the 
United States make glass products susceptible to attack from the cheap 
labor countries, because labor is an important factor. The introduction 
of mechanical production is balancing this, but the wares made by hand 
or semiautomatically feel increasing burdens from foreign competition. 
It is estimated that, if the glass tableware imported in 1930 had been 
•made in this country, more than 6,000 additional persons would have 
been given employment. Foreign wares, such as table and fancy glass, 
give the distributor opportunity for greater profit than if he handled 
domestic wares, which may be the reason for tlie increasing importations. 
All that the American glass manufacturers and the workers in domestic 
glass factories want from a tariff law is equalization of wages. Given 
an equal basis of competition such as they have in their own country, 
they have no fears. Heeded legislation includes a law keeping out of 
this countiy wares made by child labor under 16 years of age. Our ovm 
state laws do not permit child labor in glass factories, but foreign manu- 
facturers have no such restriction. 

Plant organization, A bottle and container factory will be used as an 
example of plant organization in the glass industry. In charge of oper- 
ations is a general manager, who may be, and generally is, an officer of 
the corporation. He is assisted by a factor}^ manager who works day- 
times and by a night manager. The factoiy managers are in direct 
charge of production, while the general manager superintends other 
management details. A sales manager looks after sales, generally under 
supervision of the general manager. The chemist or technical man is 
under the general manager. Under the factory managers are the shop 
foremen, such as the mold and machine-shop foreman, the packing-room 
foreman, machine foreman, and others. Tlie respective foremen are 
given control of their particular divisions and arc not supervised to any 
extent. Except for some ver>" large companies, glass manufacturing 
companies are under the leadership of men who have come up through 
the ranks. The factory proper, the office, and the sales staff are roads 
leading to the control of companies. Some families have been long in 
the industry, and in such cases tlie leadership goes from father to son, 
the son serving his apprenticeship some place in the organization. 

Important companies* In the flat-glass field, the leading companies 
are the Pittsburgh Plate Glass Company, of Pittsburgh, and the Libbcy- 
Owens-Ford Glass Company, of Toledo. These two companies arc the 
only active manufacturers of plate glass not controlled by automobile 
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manufacturers. They also are large producers of windoTr glass. In 
addition, the Pittsburgh Plate Glass Company has more than 70 dis- 
tributing warehouses for jobbing glass and paint products. Other 
window-glass manufacturers are: the American Window Glass Company, 
of Pittsburgh; the Harding Glass Company, of Fort Smith, Ark.; and 
the Holland Glass Company and Fourco Glass Company of Clarksburg, 
W. Va. Leading manufacturers of rough, rolled, and wire glass are the 
Islississippi Glass Company, of N. Y.; and the Blue Ridge Glass Corpora- 
tion of Kingsport, Tenn. 

The leading factors in the bottle and container field arc: the Owens- 
Illinois Glass Company, of Toledo, 0.; the Hazel-Atlas Glass Company, 
of Wlieelmg, W. Va.; Ball Brothers Company, of Muncic, Ind.; the 
Armstrong Cork Company and Anchor Hocking Glass Company, of 
Lancaster, Pa.; the Carr-LonTcy Glass Company, of Baltimore, r^Id.; 
the Knox Glass Bottle Company, of Knox, Pa., and affiliates; the That- 
cher ^Manufacturing Company, of Elmira, New York; and the Glen- 
shaw Glass Company, of Glenshaw, Pa. 

Producers of tableware, using cither pressing or blowing, or both, 
include: the Cambridge Glass Company, of Cambridge, 0.; the Federal 
Glass Company, of Columbus, 0.; the Fostoria Glass Company, of 
Mounds^ille, W. Va.; A. H. Heisey and Company, of Newark, 0.; the 
Hocking Glass Companj^ of Lancaster, 0.; the Hazel-Atlas Glass Com- 
pany, of Vffieeling, W. Va.; Libbey Glass I^Ianufacturing Company, of 
Toledo, 0.; the McKee Glass Company, of Jeannette, Pennsylvania; and 
the United States Glass Company, of Pittsburgh, Pa. 

Leading producers of handmade wares exclusively are: Bryce Brothers 
Company, of Alt. Pleasant, Pa.; the Steuben Division of the Coming 
Glass Works, of Coming, N. Y.; and the Alorgantown Glass Works, of 
Alorgantowm, W. Va. 

Glass specialties, including chemical and industrial w^are, come chiefly 
from such firms as the Coming Glass Works; the Kimble Glass Company, 
of Vineland, N. J.; the Rodefer Glass Company, of Bollaire, 0.; and L. 
J. Houze Convex Glass Company, of Point Alarion, Pa. Illuminating- 
w^are manufacturers include Gleason-Tiebout Glass Company, of Brook- 
lyn, N. Y.; Phoenix Glass Company, of Alonaca, Pa.; Gillinder Brothers, 
Incorporated, of Port- Jervis, N. Y.; and the Consolidated Lamp and 
Glass Company, of Coraopolis, Pa. 

Future Developments 

Progress of the glass industry in methods of production has been 
extremely rapid since 1905, but leaders of the industry believe that the 
next few years will see, instead of significant changes in the mechanical 
methods of production, a wider use of glass products and their applica- 
tion to purposes not generally known at the present time. Few’ manu- 
factured products are as adaptable to varied forms and colors as glass. 

Use of glass in new forms for building construction is increasing. A 
late development is architectural glass, or glass designed especially for 
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particular architectural needs. Glass as a construction material is fac- 
ing a future of expansion. 

Most recent of the new products resulting from the inventive ingenuity 
of American glass technicians are glass building block and fiber glass. 
Glass building block first was introduced in 1935, and its acceptance and 
use in all forms of exterior and interior building has been widespread. 
Fiber glass, also made with machinery developed exclusively in the 
United States, is believed to have a great future as an insulating material 
and fire retardant. 

Glass containers are more widely used today than ever before, and 
new uses are being found constantly. There will be a progressively 
increasing use of glass as containers for many products and materials. 
The slogan of the container manufacturers, ''See What You Buy — ^Buy 
In Glass, has been effective in adding many new forms of glass con- 
tainers and increased use of older forms. 

In the electrical and chemical industries, the use of glass in many 
forms is growing. Glass products of which only a few pieces formerly 
were used in the laboratories now are of great importance in the chemical 
industry, not only in experiments but also in the manufacturing proc- 
esses. Glass will be an increasing factor as a material in electrical 
processes. 

Glassware in the home, both for utility and ornament, has a special 
appeal because of the many forms and colors it may assume. Its use in 
the home is growing steadily. 

It would seem that in the past 20 years combinations and amalgama- 
tions have placed control of two branches of the industry in the hands 
of a few companies. Instead of further combinations, it is most probable 
the next 10 years will see construction of small, compact glass factories 
close to the sources of consumption. Each important center of popula- 
tion probably will have a bottle and contamer plant and a glassware 
factory. Larger companies will have production units in every important 
distribution area; some already are preparing for this eventuality. 

The future will see a spreading out of the glass industry and additional 
manufacturing units in centers of population which do not now have 
glass factories. These newer units may or may not be owned by present 
large producers. * 
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The Plate-Glass Industry 


The rise of the plate-glass industry in this country to world-wide pre- 
eminence is one of the greatest triumphs of American industry. Today 
the i)latc glass m the windows of our stores, our homes, and our auto- 
mobiles is taken by mo=^t of us as a matter of course. But back of the 
gleaming sheets of crystal lie decades of toil and failure, and then slow- 
won success against apparently overwhelming odds. 

Difficulties Encountered 

^lany of the extensive glass-sand deposits of this country were known 
even i^eforc the Revolution, and there was an adequate supply of the 
otlier law materials. There was, however, a dearth of skilled workmen; 
the comparatively few foreign-trained experts could not themselves man 
the v^orks, and training American artisans in glassmaking required time. 
Then, too, the bad conditions of the roads and the nature of the product 
made long-haul transportation very costly, so that it was difTicuIt to 
extend the market beyond the immediate vicinity of the works. 

Worst of all was the steady, relentless competition of foreign glass. 
Through all the records of the industry in our country, from the Revolu- 
tion almost to our own time, runs the story of struggle between native 
and European producers. Tlie foreign hold on our markets was strong 
and tenacious. When necessary, foreign-made plate glass was sold 
below cost to throttle competition. 

First Platc-Glass Plant 

This strong foreign competition, combined with the conditions that 
existed in the country, brought about the ruin of the first plate-glass 
plant of any consequence erected in the United States. This plant was 
built in 1850 at Cheshire, Massachusetts, where there was an abundant 
supply of pure quartz sand. After many expedients had been resorted 
to, including the removal of the plant to Brooklyn, New York, the enter- 
prise failed in 1856. 

Again determined men raised the necessary money and revived the 
undertaking at Lenox, Massachusetts, under the name of the National 
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Plate Glass Company. This new venture was probably inspired by the 
adoption of a new method of polishing plate glass by means of a machine 
designed to polish marble. Members of this organization induced other 
men to join them, among them, Theodore and James Roosevelt of New 
York City, and formed the Lenox Plate Glass Company in 1865. Costl}'' 
equipment was installed, with much machinery from England, but after 
6 years this effort failed as had the others preceding it. The discovery 
of natural gas as an economic fuel attracted the plate-glass industry to 
many centers. Thus in 1870, the industry was established at New Al- 
bany, Ind., Louisville, Ky., Crystal City, Mo., and Pittsburgh, Pa. 

The Plate-Glass Industry Established 

The money invested and lost in attempts to manufacture plate glass 
in the United States had amounted to many millions when, in 1880, a 
group of men in Pittsburgh, headed by Captain John B. Ford, determmed 
once again to attempt to establish the plate-glass industry on this side of 
the Atlantic. Combined with ability to visualize the future and faith 
in the progress of the country, these men possessed the courage to sacri- 
fice immediate profit in order that they might build securely for the 
years ahead. 

They recognized that the industry required such large plants, so long 
a tie-up of materials, and demanded production on so big a scale, in order 
to turn out glass which could be marketed at a profit, that they must 
resign themselves to a large investment of capital which might not bring 
returns for a long period of years. That their faith and courage were 
justified is proved by the fact that their undertaking prospered; very 
slowly, it is true, but ver^^ surely. Through their efforts the plate-glass 
industry' in the United States was established and recognized as an 
individual industry. 


Growth of the industry 

In the years to come, the young industry was to press forward with 
giant strides. Although 60 years ago the American manufacturer could 
not make a single sheet of plate glass in competition with European 
rivals, today we lead the world both in the production and consumption 
of plate glass. Production has increased from 17,000,000 square feet in 
1900 to a record production of 213,000,000 square feet in 1937. 


Manufacturing Processes 

The one characteristic of its manufacture in which plate glass differ:: 
from all other types of fiat glass is the fact that all plate glass is ground 
and polished. There are two distinctive methods of producing tlic 
original sheet, one knovm as the “casting process’^ and one as the “con- 
tinuous process.” The continuous process is a more recent development 
in the art of making plate glass 
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The casting process. The production of the largest sizes, which 
are made by casting, is a difficult and hazardous art. The melting, 
casting, rolling, annealing, grinding, and polishing that are part of this 
process involve the mining of silica and coal, the quarrying of limestone, 
the chemical manufacture of soda ash on a large scale, the reduction and 
treatment of fire clay, and an elaborate system of potmaking for crucibles 
— all of which require an enormous financial investment, a multitude of 
men, and extensive factory properties. 

The vielting pot, or crucible. To the layman, the most interesting and 
amazing feature of the casting process is the fact that the pot, or crucible, 
in which the materials are melted together and fused, requires years for 
its preparation and lasts only about 20 days in service. The long time 
required to produce a pot and its short life necessitate the carrying of 
an immense stock of pots. In large factories as many as 5,000, each 
weighing 3,000 pounds, were formerly kept in storage, and the space thus 
occupied was immense. At the present time, casting from pots is grad- 
ually being discontinued in favor of continuous rolling from large tanks, 
although glasses for special requirements must be made by the pot 
method, and a considerable quantity of standard qualities is still also 
produced in pots. 

Each pot is capable of melting at one time 1% tons of glass. It 
requires nearly a day and a night, at a temperature of from 2,500 to 
3,000 degrees F., to complete the melting. 

The work of making the pot begins 3 years before it is to be used. 
The clays, after they have been taken from the mines, are exposed to the 
weather so that they will disintegrate and impurities will oxidize. This 
seasoning process takes at least a year or two, according to conditions. 
The clay is then ground, screened, mixed accurately with certain other 
ingredients, and “pugged,” or kneaded. After kneading, the clay must 
be stored again, to ripen, a process requiring about 6 months. 

The pot itself is made by a highly skilled workman. Handwork is 
necessary because a slight defect, such as an air cavity, which would 
cause the pot to crack in the furnace, could not be detected if the pot 
were made by machine. The potmaker builds up his pot, layer by layer, 
with infinite care. The finished pot must then be stored again for 6 
months or a year for its final season. When the pot is finally ready for 
the furnace, it is given a test baking in a heat which is approximately 
the glassmaking heat, 2,500 to 3,000 degrees F. 

Raw materials When the pot has passed inspection, it is filled with 
the raw materials of the glass — silica (white sand) , soda ash, limestone, 
salt cake, salt, arsenic, charcoal, and cullet (broken glass) — and placed 
in a furnace in which there is room for from .12 to 20 pots. 

Melthg and casting. The terrific heat of the furnace causes the 
materials to shrink so that the pot has to be refilled three times to insure 
the proper quantity of molten glass at the end of the melting. 

When the melting has reached an exact point, the big pot, glowing, 
incandescent from the intense heat of the furnace, is grasped by huge 
electric tongs and lifted from the furnace. An electric crane swings the 
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pot over to the casting position and pours the molten glass into a trough 
formed by two giant rolls. The glass in each pot is rolled into a separate 
sheet, and a typical pot contains enough glass to produce about 800 
square feet of polished plate glass % inch in thickness. By this method 
of manufacture, the glass sheet is formed at the rate of about 160 lineal 
feet per minute and the sheet is approximately 10 feet wide. 



Fig. 1. Progress of raw materials in the manufacture of polished plate glass 
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This method, which combines casting and rolling into one operation, 
has almost supplanted the older process in which the melt is poured over 
the casting table — a cast-iron slab about 32 feet long and 20 feet wide — 
and subsequently flattened by a gigantic steel roller advancing across 
the casting table. 

Annealing, Whether produced by the older or newer method, the 
newly formed sheet is still quite hot, even though greatly cooled during 
the rolling process. To’ prevent sudden cooling in the outer air, the plate 
is rushed without the slightest delay to an annealing oven, or ^^Ichr,” 
as it is known to the glassworkers. This lehr is like a tunnel, several 
hundred feet long. An electric conveyor carries the plate through this 
tunnel very slowly, indeed so slowly that it requires considerable time 
for the plate to traverse the entire length. During its passage, the plate 
passes through a series of varying temperatures, each a trifle cooler than 
the last, until it emerges at the temperature of the outer air, or cool 
enough to handle. This process of annealing must be carried on wdth 
the greatest care, for any irregularity in the cooling may, and frequently 
does, produce an internal stress sufBcient to shatter an entire plate. 

Grinding, The plate is now ready for the operations of grinding, 
smoothing, and polishing. Electric cranes again lift the plate on to the 
huge circular steel tables covered with wet plaster of Paris to hold the 
plate in place. The tables, which are on wheels, are then towed by 
motorcar to a place beneath the grinder. 

Massive iron-shod runners revolve over the surface of the glass. As 
the table bearing the glass revolves, water and sand are fed under the 
runners, which are lowered slowly until their entire weight of 124,000 
pounds rests on the glass. Under this powerful abrasive action, the 
surface is ground with absolute uniformity until all the irregularities 
in the rough glass are ground away. As the grinding continues, finer 
sands are substituted for the coarser grades, and during the last stages 
a still finer abrasive, emery, is employed, in several different degrees 
of refinement. 

Polishing, When all the irregularities of surface have been removed 
and the glass is reduced to approximately the desired thickness, it is 
polished. The polishing machine is similar to the grinding machine, 
but instead of iron shoes, it carries many buffing disks of felt, each about 
eighteen inches in diameter. Red oxide of iron, or “rouge,” as it is com- 
monly called, the finest known abrasive, is fed under the buffing disks 
as they revolve. The glass is then reversed and the other side ground 
and polished. This polishing operation gives to plate glass its beautiful, 
brilliant surface. 

The finished plate. Grinding and polishing reduce the original plate 
to half its thickness j sometimes more The material washed away is 
lost, and fully half the original weight of lime and soda has vanished. 
Upon completion, each plate undergoes a painstaking inspection for 
defects, and if it is not up to quality it is rejected. 

The continuous process. Although the pot method of melting is 
still in quite general use, the compulsion of the mass-production idea has 
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resulted in the development of a new melting and rolling technique which 
is rapidly gaining favor. 

The newer melting technique is very similar to the open-heaiih steel- 
furnace practice, as originally developed by William Siemens; and the 
method of rolling, though originally developed for glass manufacture by 
Lord Bessemer of England, also found its first commercial application 
in the steel industry. 

In the new method of glass manufacture, the batch materials are fed 
almost continuously into one end of an enormous melting tank, instead 
of being melted in relatively small individual pots. These tanks hold 
approximately 1,500 tons of molten glass, which is maintained at a depth 
of approximately 5 feet. Instead of being cast at intervals between 
large heated rolls as in the pot method, the glass is drawn off continuously 
through relatively small rolls, which must be water-cooled because of 
their constant contact with the molten glass. This rolling takes place 
at the opposite end of the tank from that which receives the raw batch. 
These tanks are approximately 120 feet long and are divided into two 
principal compartments. In one of these compartments melting takes 
place, and the temperature is raised to about 2,700 degrees F. in order 
to “boil” the glass. (The glass, of course, does not boil at 2,700 degrees 
F. in the same sense that water boils at 212 degrees F., but evolution of 
gases does take place in considerable degree.) The glass gradually 
flows from the melting chamber into the second compartment, where its 
refinement is allowed to reach a satisfactoiy stage without the aid of 
additional firing. In passing from the first compartment into the second, 
the glass is compelled to flow under a refractory baffle which actually 
floats in the molten liquid. This construction detail is primarily a 
precautionary’' measure taken in order to prevent small amounts of 
refractory’' from entering the forming rolls, the heat in thefflring chamber 
being so intense that it is not unusual to find tliat drops of melted re- 
fractory brick have detached themselves from the bottom of the tank 
cap and fallen into the pool of glass below. 

By the time the glass has reached the forming rolls at the end of the 
second tank compartment, it has cooled to a temperature of about 2,100 
degrees F. (It will be noted that the melting and rolling temperatures 
are the same in both the pot and tank methods of production.) The rolls 
operate 24 hours per day’' without interruption and produce a horizontal 
ribbon of glass 6 or more feet in width at a rate which may be as high 
as 145 inches per minute, depending on the thickness. Shortly^ after the 
newly’’ formed sheet leaves the forming rolls, it enters an annealing lehr 
approximately" 400 feet long. From the time that the rough plate leaves 
the annealing lehr it is examined, cut, ground, and polished in a manner 
identical in every’’ way^ with the treatment given to glass produced by’' 
the pot method, and since these processes have been described previously, 
there is no need to re^dew them here. 

However, a question may have arisen in some minds as to why’’ it 
should be necessary to grind and polish a glass which has been rolled 
to exact thickness and with parallel surfaces. The answer is simply 
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that no one has yet been able to roll glass which has a surface comparable 
to that on polished plate. The rolling temperature is so high that the 
most expensive alloy will not retain a polished surface. Consequently, 
as the ribbon of glass comes from the forming rolls, its surface is covered 
with innumorablc tiny irregularities, which render it entirely unsuitable 
for most of the purposes to which plate glass is ordinarily put. The 
nearest approach to the economically ideal glass which requires no 
grinding or polishing is modern flat-drawn window glass. 

Herculitc 

Through the a])pUcation of heat and subsequent cooling according to 
a special technique, it lias been found possible to temper ordinaiy glas.s 
in such a manner that its ability to sustain a stationar}^ load is increased 
tour to five times, and its ability to withstand impact is increased to a 
mucli greater extent. Glass which has been subjected to this treatment 
is known as *TIcrculitc.'^ 

This transformation is accomplished by first heating the glass above 
the annealing range (to near 1,300 degrees F.) and then suddenly and 
uniformly chilling the entire surface by means of a blast of air, which 
must reach every portion of the surface at exactly the same instant. 
The chilled glass is sot aside, and tlic core, which is still quite liofc, is 
allowed to cool gradually to room temperature. The result is a glass 
which ajipcars the same ns before the treatment was applied but whose 
physical qualities liave been vastly altered. It will no longer rc.spond 
to marking with a cutting wheel or diamond. Ordinary* plate glass will 
break quite readily along the score made by a cutting wheel, but Hercu- 
litc, even when deeply scratched, is still several times as strong as 
ordinaiy glass which has no score. Ordinary’' plate glass has a modulus 
of elasticity about one third that of steel, and therefore will bend three 
times as far under a given load. Yet we think of glass as brittle because, 
lliough easily bent, it does not bend far until it reaches the limit of its 
elasticity and breaks. Hcrculitc is just as easily bent as ordinary plate 
glass, but it vAW bend so much farther because of its greatly increased 
strength that it is often thought of as being more flexible than ordinary’' 
glass. Ordinary glass is easily destroyed by high heat, particularly if 
it is heated suddenly in one area while the remainder remains cold. 
Hcrculitc, on the other hand, is so resistant to heat that melted lead may 
be poured with impunity upon one surface while the opposite surface 
rests upon a cake of ice. It will withstand a temperature of 650 degrees 
F. for an indefinite period of time without showing signs of deterioration, 
and for short pei'iods of time it will resist considerably higher tempera- 
tures. Tempering, therefore, places glass in the category of a heat- 
resisting material and makes possible its utility in places where tempera- 
ture conditions would make ordinary plate glass wholly impractical. 
Hcrculitc can, of course, be broken by the application of sufficient force, 
but its rupture is wholly unlike that of ordinary glass. Instead of 
breaking into large, irregular pieces or long and exceedingly dangerous 
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splinters, it completely disintegrates into cubical granules. It is not 
possible to break off one corner or divide the plate in any manner. 
Should this be attempted even on a very large plate, the farthest corner 
would instantly fly into small fragments of typically cubical shape. 
Another peculiarity of Herculitc rupture is the marked tendency of 
particles to move in the plane of the plate, rather than to fly in all 
directions. Consequently, should a framed piece of Herculitc be broken, 
it is highly probable that none of the glass would fall fioin the frame, 
even though it would be cracked throughout in such a manner as to give 
the effect of opacity. 

It ma}^ be desirable now to reconsider the tempering process and dis- 
cover why Herculitc behaves as it does. It will be remembered that the 
heat-softened glass is subjected to surface chilling. This chill causes the 
surface to harden, and the soft core of the glass readily adjusts itself to 
the same size as the chilled surface. However, wlicn the core later 
begins to harden and contract as a result of gradual cooling, it finds the 
previously hardened surfaces stubbornly resisting a reduction in area. 
Consequently, when the plate has finally cooled until both surface and 
core are at room temperature, the surface is left in a stale of high com- 
pression, while the core is under an equal tensile stress. This condition 
makes it neccssarj^ to bend the plate a considerable distance before the 
surface at the convex side even begins to be in tension. Since failure 
almost invariabty begins on the tension side of a flexed plate, the effective 
strength and the elastic limit are greatly increased by strains set up 
through tempering. 

Polarized light will show local strain patterns when passed through 
a plate of glass. In the case of Herculite, the stresses arc so intense 
that this pattern may sometimes be obseiwed by the natural eye. This 
is especially true when the light which reaches the Gve has been reflected 
from a polished smface before passing through the Herculitc plate or 
when it is directly reflected from the Herculite plate at the angle of 
polarization. 

The foregoing discussion will make it clear that Herculite cannot be 
cut or fabricated in any manner in the field. All cutting, notching, 
drilling, and so forth must be accomplished before the plate is subjected 
to tempering. 

nevertheless, it will readily be realized that this tempering process has 
greatly increased the adaptability of glass in many fields, and this is 
especially true in the province of building construction. 

Laminated Glass 

The process of laminating glass is another development which has 
taken place since the turn of the century, and probably represents the 
most important step in fabricating progress since the end of the seven- 
teenth century. 

About 1904, a chemist accidentally discovered that a film of cellu- 
lose nitrate would adhere to glass and prevent fljnng fragments in case 
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thc*^ gla^j? wen? brokciK Coincklenta! accidcDLs, involving injury of 
l>y broken provoked the idea that cellulose nitrate might 
!)c used to make a bUfely glass which would prevent personal injury* 
This idea developed slowly at the start, and its first significant applica- 
tion was in the manufacture of goggle Icn’^es and gas masks. 

After the end of the Fii>t World War, the manufacture of laminated 
glass declined for a time^ until the rajud increase in automobile produc- 
tion made it apparent that measures had to be taken to reduce the 
hazard of injury from broken windshields and body lights. 

Tlie first safety glass for use in automobiles comprised a "sandwich” of 
two plates of glass joined to make a single unit by means of a sheet of 
cellulose nitrate plastic. Little was known about the reaction of this 
plastic to sunliglit, heat, and cold; and although this first glass un- 
doubtedly provided a valuable degree of protection, it was far from 
satisfactory. The sunlight rapidly caused it to change color, thus dimin- 
ishing visibility and creating a distasteful appearance; subzero tempera- 
tures caused the jilnstic to become almost as brittle as glass, with a 
consequent decrease in safety factor; adhesives and laminating processes 
were poor, resulting in separation of the layers of glass and plastic. 

But this first crude product was rapidly improved through chemical 
icsearch and mechanical development, One of the most important steps 
in this direction wa<i tlic development of a special glass having the 
properly of selective light transmission. Through the introduction of 
1111 *^ glass, those rays of light which caused the plastic to deteriorate 
were barred from contact with the plastic with only slight reduction in 
the transmission of visible light waves. Better adhesives were developed, 
and lamination was accomplished by means of hydrostatic pressure in- 
stead of unsatisfactozy" platten presses. Later, the use of cellulose acetate 
(wdneh retains its plasticity through a wider temperature range than 
docs cellulose nitrate) still further improved the quality of laminated 
safety glass and resulted in a product which seemed quite satisfactory. 

However, it seems to be a fundamental characteristic of research men 
that they arc never satisfied with any degree of perfection, and when 
it was found possible to produce a new plastic material called "Vinal 
Plastic,” it was immediately discovered that this material had so many 
advantages over any plastic formerly \ised for laminating glass that its 
adoption was inevitable. 

The strength and elasticity of Vinnl Plastic is such that a sheet only 
.015 of an inch thick provides a suitable laminating medium for produc- 
tion of a superior safety glass. Although the glass fracture which occurs 
in safety glass made with this new plastic has the spider-web pattern 
characteristic of the earlier safety glasses, impact is absorbed more 
gradually. This feature reduces -Uio danger of personal injury which 
may occur from the force of collision, a hazard which is only indirectly 
related to the possibility of serious cuts. Vinal Plastic is not materially 
affected by sunlight and therefore does not require a special glass for 
its protection. It may be laminated either with or without an auxiliary 
adhesive, since the plastic itself has the property of "wetting” the glass. 
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Although the idea of laminated plate glass is quite simple, a rather 
complex and. exacting technique is required to produce a satisfactory 
product. 

The very thoroughgoing inspection to which the glass manufacturer 
subjects his glass is not sufficient for the laminated safety-glass producer. 
For his purposes, the glass must be chemically clean. Therefore, after the 
glass has been cut to the shape desired in the finished article, it is passed 
through a continuous washing machine, where it is given a thorough 
scrubbing with pumice and water, dried, and prepared for further process- 
ing. There must, of course, be two companion pieces of glass for each 
piece of finished laminated glass. 

While the glass is being made ready for lamination, the plastic is being 
given simultaneous preparation, the first step being subjugation to an 
extreme^ exacting inspection. Any small particles of unplasticized 
material are rendered plastic, and if this is not possible, the sheet is 
rejected or cut to smaller size. A very careful check of the composition, 
tensile strength, and other factors is maintained at all times in order to 
ascertain that the plastic shall meet the stringent requirements of the 
laminated safety-glass producer. 

After the plastic sheet has been found satisfactory, it is cut to tem- 
plate, as were the companion glasses, and is almost ready to be passed 
to the assembly line. However, it must also be as nearly clean as is 
possible; consequently, it is passed through a scrubber and drier, and 
enters the assembly line free from extraneous dust and essentially free 
from static electricity. The plastic sheet is now placed upon one of the 
companion glasses, and the other glass is placed over all to form a ^^sand- 
wich.^^ 

All of the assembly thus far has been conducted in air-conditioned 
rooms. Nevertheless, the assembly is again very thoroughly examined 
to make sure that no tiny particle of foreign material has found its way 
to the interior of the sandwich. The edges of the glass and plastic are 
brought into proper alignment, and the sandwich is now" read}" for the 
preliminary pressing. These presses were formerly platten presses, 
which operated somewhat like a giant waffle iron, in wiiich heat and 
pressure were applied at the same time. Now, how^ever, most of this 
work is done with ''pinch’’ rolls, which squeeze the sandwich as it moves 
through an oven. 

The final pressing of the laminated-glass assembly is performed in 
immense autoclaves, through w’hich oil may be circulated under relatively 
high temperatures and pressures. The glass is placed on special racks 
which fit into the autoclave. '\\Tien the autoclave lid has been securely 
fastened, the level of the fluid is raised somewffiat over the level of the 
topmost plate and the temperature and pressure are gradually increased. 
A maximum temperature of 250 to 300 degrees F. and a pressure of about 
180 to 200 pounds per square inch are attained. These conditions are 
maintained for a definite cycle, and thereafter the laminated safety glass, 
as such, is finished. Further steps to which the plates are subjected 
merely render them a salable article of commerce. 
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Excess plastic material, extruded from the edges by heat and pressure, 
is removed by dipping the laminated glass in acid or running the edges 
over a wire brush. This leaves the edges clean and ready for such 
edging process as may be required. If excess plastic were not removed, 
it would tend to clog the grinding wheels used for edging and would 
make this step almost impossible. 

In the edging department, the edges of the glass are ground true to 
master template, and such special edge contours as the rounded, ^'pencil/’ 
beveled, and so forth are ground and polished. 

After the edging process, the glass is cleaned, examined, and the label 
of the manufacturer is sandblasted on one corner. The glass is then 
given a final examination and packed for shipment. 

Under slowly applied load, laminated plate glass shows a strength 
approximately equal to the strength of ordinary plate glass of corre- 
sponding thickness. Under impact, however, laminated glass is many 
times stronger than ordinary plate glass. This is due to the fact that 
the kinetic energy in any impinging mass is absorbed more slowly and 
ove,r 2 k greater distanaa, Qwing to the fiexlbility inherent in the laminated 
product. A piece of laminated safety glass one fourth of an inch thick 
will crack but will not break through under an impact which will shat- 
ter a piece of plate glass an inch thick. 

The use of Vinal Plastic has materially increased the impact resist- 
ance of laminated plate beyond any value previously considered maxi- 
mum. 

Multiplate, which, as the name implies, is made of several layers of 
glass and plastic, is used regularly as protection against armed vandals. 
The heaviest of these armor-plate products will deflect a bullet fired 
from a standard army rifle. 

Although sheet glass may be laminated as well as plate glass, the 
quality of vision is proportionately diminished. Laminated sheet glass, 
therefore, is not to be recommended where clarity of vision is important. 

The cost of laminated plate glass has been compared to the purchase 
of an insurance premium. It might, perhaps, better be described as a 
health guarantee, because its protection against mutilation and death 
is preventative rather than remunerative. 

Manufacturing Centers 

The principal companies actively engaged in the manufacture of pol- 
ished plate glass in the United States at the present time (1940) are: 
the Ford Motor Company, with plants at River Rouge, Mich., and St. 
Paul, Minn.; the Libbey-Owens-Ford Glass Company, with plants at 
Toledo, Rossford, and Lancaster, 0., Charleston, W. Va , Shreveport, La., 
and Ottawa, III; and the Pittsburgh Plate Glass Company, with plants at 
Creighton and Ford City, Pa., and Crystal City, Mo.^ 

As is the usual case, these factories were located with a view to supply 
of raw materials and proximity to transportation facilities. But because 
of the intense heat required to melt and fuse the ingredients of plate 
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glass, there is also another important featui’e to consider in choosing 
a sito for a factory, namely, fuel. Natural gas is the most satisfactory 
fuel, but where this is not available, producer gas is used. 

Distribution 

Plate glass is retailed to the actual consumer by jobbers or distributors, 
who buy in carload quantities from the manufacturer. Because of 
the nature of the product, packing, shipping, and storage present great 
problems to both manufacturer and distributor, in order to hold loss 
by breakage to a minimum. 

Up until 1910 no American plate glass was sold in export markets, 
and even at the present time the amount is coraparativelj’’ small. The 
export peak was reached in 1919 (as a result of the First World War), 
when over 7,000,000 square feet of American plate glass were shipped 
to European countries. The figures declined steadily from then on, 
however, till in 1926 less than 1,000,000 square feet were exported, as 
compared to imports of over 26,000,000 square feet. From 1927 on 
exports again increased, until in 1935 the total was over 5,000,000 square 
feet, about 3 per cent of domestic production for that year. 

Uses 

ilany important uses have been found for polished plate glass, chief 
of which, of course, is glazing. In this respect, plate glass performs a 
function that cannot be equaled by any other glass. It gives absolutely 
true vision without distortion or interference. Its body is almost as 
clear as the open air itself, and its surfaces are free from the familiar 
waves, svdrls, and curlicues of sheet glass. Viewed from any angle, 
objects seen through plate glass appear exactly as they are. 

Daily we pass the store fronts that line the business thoroughfares 
of cities the world over. We hardly give a thought to the plate glass,, 
because we look through it at the display in the window, hardly seeing 
the glass itself. We see the goods displayed in the window as clearly 
as if the glass were not there; yet the goods are protected from wdnd, 
rain, and theft. 

In world-famed office buildings, plate glass is specified because of its 
beauty, clarity, durability, adaptability, and resistance to wind. Archi- 
tects, builders, and home owners are realizing more and more the value 
of plate glass in residence windows and doors. It is being used for this 
purpose to an extent undreamed of a few years ago. 

Plate glass for glazing has found its largest field, however, in the auto- 
motive industiy\ To glaze the automobiles manufactured in the 
United States yearly requires from 75 to 80 per cent of the total domestic 
production of polished plate glass. Virtuallj^ all plate glass used by the 
automotive industry^ is laminated to make it nonshaUerable; the balance 
is of the Herculite type. 

Another important use of the product is for mirrors, which are daily 
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growing more popular. It is also used to a large extent for the tops 
of desks, tables, dressers, and so forth, as it not only protects the top from 
the ravages of everyday usage but also adds a rich beauty of its own. 

Present Status of the Industry 

Not only has the United States become the outstanding producer of 
the world in the manufacture of polished plate glass, but this American 
industry today has facilities to supply all the markets of the world 
with a quality of plate glass that cannot be excelled anywhere. 



23 

The Cement Industry 


History of Cement 

Early applications. Cement is a broad term. If a substance, when 
mixed with water, hardens into a solid mass by chemical action, it is a 
cement. Tlierc is evidence that the Assyrians and Babylonians used 
moistened clay or bitumin. These were the cements of that day. It 
is known that the Egyptians placed clay mortar in the pyramids. The 
Greeks had a lime composition to cover their walls of unburnt bricks, 
A Roman scholar, Vitruvius, writing of the glory of the Empire, tells 
that 2,000 years ago cement was familiar to Roman builders. Typical 
proofs have descended to us in the concrete foundation of the Forum and 
in the form marks on the Temple of Julius — a structure free from crack 
or fracture after 20 centuries. This cement consisted of slaked lime and 
volcanic ash found near Puzzolani, at the foot of Mount Vesuvius. Its 
hydraulic properties made it exceedingly valuable in the construction 
of piers, harbors, and aqueducts. These ancient remains, and^ also the 
words of Vitruvius that have come down to us, briefly indicate the 
history of cement until the eighteenth century. 

The origin of hydraulic lime. In 1756, cement became a more closely 
defined term, John Smeaton, a civil engineer, was employed by the 
British Govei*nment to erect a lighthouse on the sea-swept rocks of 
Eddy stone, in the English Channel. All the knowledge in England up 
to that time indicated that relatively pure limestone when burned at a 
low temperature (600 to 1,200 degrees F.) would produce a materials 
capable of slaking with water. This material is known as ‘^common 
lime.” It would not set under water, and so Smeaton experimented 
with various limestones to find the hydraulic property lost since the 
beginning of the Christian Era. He finally analyzed and tested an im- 
pure limestone high in clay content, and it set under water. Accord- 
ingly, the Eddystone Lighthouse was anchored in a foundation made 
from a new cement, blue Lias lime and Puzzolani (volcanic ash) brought 
from Civita Vecchia near Rome, Italy. Smeaton's success initiated the 
widespread adoption of hydraulic lime. He shoiv’ed that the color and 
texture of the limestone were not important but that impurities such 
as clay created the chemical composition necessary to hydraulicity. 
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Grinding of burned clay, Roman cement. The patent of Joseph 
Parker, recorded in England in 1796, brought cement still closer to our 
present understanding of the term. He took so-called “nodules” of 
clay and burned them with a heat nearly sufficient to vitrify or melt 
them. ' The nodules were then ground to a powder mechanically. Mixed 
with water, this powder formed a mortar or cement stronger than any 
then knovm. Parker's method differed from Smeaton^s in that the latter 
burned' his raw materials only enough to drive off the carbonic acid gas 
'and then reduced them to powder by slaking with water. The composi- 
tion of both these cements was about 45 per cent lime to 30 per cent silica 
and alumina 

Parker's, or Roman, cement did not slake but had to be ground to 
show its hydraulic properties. It was the first commercially successful 
natural cement With improved methods of manufacture, this product 
came to be the most popular hj^'draulic binding material in use until the 
twentieth century. Owing to the unequal distribution of the raw mate- 
rials m the earth — lime, silica, and alumina, as contained in argillaceous 
limestones — natural cement was not a reliable material. Often 20 to 
25 per cent of the cement was inert because of the excess of certain 
proportions. However, the relative simplicity of manufacture soon 
placed natural cement on the English market as an approved building ' 
material. 

First cement made in America. Canvas 'WTiite in 1818, at Fayette- 
ville, Onondaga County, New York, was the first to manufacture cement 
in America. His activity was inspired by the need for a superior mate- 
rial in constructing the new Erie Canal. The cement rock he discovered 
at Fayetteville was adapted to natural-cement manufacture. That 
AMiite’s methods came from England we cannot doubt. The cement 
he offered bi ought 20 cents a bushel. So successful was this venture 
tliat the state purchased his patent for $20,000.00. 

The canal systems and cement. The canal systems in their heyday ^ 
were responsible for the early progress of the cement industry. From 
New York to Virginia, from Ivlinnesota to Kentucky, cement mills were 
erected to supply the immediate demand for safe, watertight masonry 
in canal construction. Vfiien a foothold for the industry had thus been 
gained, the mills turned to tlie canals as the cheapest and quickest means 
,to transport their products to market. Leaky and roofless barges made 
it necessary’' for the cement to be packed in watertight barrels. 

Natural cement, despite its variables and irregularity, found little 
or no lack of activity among buyers. Production increased through 
the century from 300,000 barrels in the initial 1818 to 1829 period to 
8,868,179 barrels in the year of 1899, though at the turn of the century 
the methods of manufacture were still crude. The raw rock was burned 
between layers of coal in vertical stone kilns. A good week’s output 
was 150 barrels of cement. Crushers, lilce coffee mills, broke up the 
calcined (burned) rocks. Old-fashioned burrs, or sandstones, did the 
final grinding. The result was natural cement. 
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Discovery of Portland cement. Joseph Aspdin, an English brick- 
layer, had in 1824 obtained a patent on an improved cement. He called 
it “Portland cement** because of its resemblance in color to building 
stone from the Isle of Portland, a rock like that used in Westminster 
Abbey His product was distinguished by a high specific gravit}’' and 
could not bo classified as a simple hydraulic lime. It was made by 
mixing materials not already blended by nature and by burning them 
at a high temperature. The materials were finely pulverized lime and 
clay. The important point was that all previous experiments and pat- 
ents had suggested the development of an artificial hydraulic lime. If 
in burning pieces became vitrified (hardened to clinker), they were 
studiously discarded. Unfortunately, although Joseph Aspdin discov- 
ered the need for a high kiln temperature and gave to his material the 
name wc all know, he did not arrive at our present material. 

Another Englishman, by the name of Frost, introduced a cement in 
1822 which came close to Aspdin*s later standard. Frost was the first 
to erect a factory for the manufacture of Portland cement. It was 
located near London and produced its first cement in 1826. Isaac C. 
Johnson, a leader in the cement industry of England for many years, 
claimed to have been the original maker of cement that met British and 
forcign-govcnimcnt standards, but no one man enjoys complete recogni- 
tion as the inventor of Portland cement. 

Since it was the product of the intense burning of certain rocks, 
constantly improving methods led gradually to a remarkably high degree 
of standardized practice. Basically, Portland cement achieved three 
times the strength of natural cement and could be mixed with a large 
proportion of sand and gravel without losing its cohesiveness, whereas 
lime could not be mixed with more than seven times its volume of foreign 
matter. 

Saylor, pioneer American manufacturer. Portland cement was 
manufactured in the United States for the first time by David 0. Saylor. 
He had been a natural-cement manufacturer in the Lehigh Valley, 
Pcnnsjdvania. The process by which Saylor burned his raw rock was 
rewarded with patent protection in 1871. Soon after the new cement 
was being produced on a commercial scale. One great difiiculty arose 
in the failure of the cement due to the varying quality of raw stock. 
However, reburning the calcined rock resulted in a clinker which ground 
into a good Portland cement. Seven years later, in 1878, the product 
had been marketed to the amount of 28,000 barrels, or only 1 per cent 
of all other cements. Saylor*s cement basically conformed to the follow- 
ing definition: 

Portland cement is the product obtained by finely pulverizing clinker 
produced by calcinmg to incipient fusion an intimate and properly 
proportioned mixture of argillaceous and calcareous materials, with no 
addition subsequent to calcination except water and calcined or uncal- 
cined gypsum. 

This substance is a composition of approximately 20 per cent silica, 

10 per cent alumina plus ferric oxide, 65 per cent lime, and 5 per cent 
other compounds. ; 
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Difficulties in marketing Portland cement. From 1878 to 1897 the 
Portland- cement ftidustry struggled for its very life. Even considering 
manufacturing crudities, the product v^as equal or superior to any 
cement in the vrorld, but users were skeptical almost to the point of 
boycotting domestic Portland. Their preference was given to imported 
Portland, of which 92,000 barrels were consumed in 1878. In 1888 this 
quantity jumped to 1,835,000 barrels, as compared to 250,000 barrels 
of domestic Portland; and in 1895, 2,997,395 barrels came into the 
countr}’’, whereas our mills produced less than 1,000,000 barrels. That 
was the greatest year up to the present time for imported cement. 

England, France, Belgium, and Germany were shipping to this side 
of the Atlantic. As our exports far exceeded our imports, cement came 
in frequently as ballast on tramp cargo ships The rates were low or 
^'scratched off” entirely. A chain of distribution was built up to handle 
this cement, utilizing railroad competition to obtain price advantages 
on the cement shipped to the interior. Foreign cement was established 
by brand names, sold for less than domestic, and enjoyed the confidence 
of engineers and builders. Even so, 18S7 saw over 50 per cent of Ameri- 
can consumption come from American mills. Then came the war with 
Spain. 

The impetus of Government approval. Natural cement had been 
clinging to a major share of the market up to this time. One barrel of 
all Portland cements was sold for every 10 of the natural kind. Scien- 
tific formulae had been derived with the aid of hammers, cookstoves, and 
coffee mills. After the processes of manufacture had been determined, 
the product was not desired, and it was even forced to suffer the ignominy 
of being marketed under foreign cement labels. 

The Government had important fortification work to do during the 
1897 to 1899 period and placed its endorsement on domestic Portland 
cement. The resulting stimulus and prestige almost doubled the pro- 
duction of Portland during these two years. At the turn of the centurjs 
natural cement had an annual production of 8,383,519 barrels, Portland 
cement showed 8,482,000 barrels, and imported cements had only 20 
per cent of this figure. Thus the pioneer work of Saylor and his con- 
temporaries was rewarded. 

However, much remained to be done, especially in the development 
of mechanical processes to bring a reduction of labor costs and a more 
uniform, reliable cement. Europe was paying only one half to one 
quarter the wages of America. America needed a new procedure for 
manufacture to offset this handicap, and some of the finest inventive 
and engineering minds were attracted to the task of determining what 
this procedure should be. 

The problems of the industry in 1900. American dominance in Port- 
land cement really began with the engineering genius which adopted 
and perfected the rotary kiln between 1890 and 1896. The development 
of this device meant the standardization of the product in the most im- 
portant step of manufacture. In many respects the '^gamble” was taken 
out of manufacture; quality was assured. The buyer, no matter what 
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his practice had formerly been, could not deny the excellence of this 
domestic “rotary-kiln'^ cement. Yet a product that had sold at S9.00 
a barrel and in 1890 'was still over 82.00 per barrel could not be used in 
every type of construction, no matter how good it was. The problems 
of the industry were threefold: first, the cement had to be improved and 
made more uniform; second, the price had to be reduced; and third, 
the product needed research and promotional energy to make its applica- 
tions both wide and successful. 

Economic Importance of the Cement Industry 

Production. Wage earners in the cement industry in 1928 were twice 
as many as in 1904, but production was eight times as great in 1928. 
Here is evidence of shrewd application of sound methods in management 
during the carly-growth stages of the industry. In 1928, 156 plants in 
33 states produced 175,838,000 barrels. In 1938, the ratio of output to 
employees declined somewhat from 1928, with 151 plants producing 
105,357,000 barrels. During that decade, this was a decrease of 40 per 
cent in production as against a decrease of 33 per cent in wage earners. 
Two contributing factors were the need for retention of certain fixed 
labor, regardless of production, and the shortening of the workda^^, neces- 
sitating more men in the plant. The production of the United States was 
more than 40 per cent of the entire world output. Germany, France, 
England, and Belgium were the other leading cement producers. All of 
Americans production except for 550,000 barrels was consumed in the 
United States. Imports for the year were 1,715,000 barrels. 

The tariff on cement. Since the First World War, European coun- 
tries have not only captured most of our export business but, because 
of their favorable prices, have also found a market in this countiy. 

Cement was the beneficiarj’’ of a protective tariff until 1913 Again 
in 1930 a tariff was applied of 6 cents per 100 pounds, with the result 
that imports were cut in lialf, while exports nearl 3 ^ held their own 
during 1930 in the face of curtailed construction the world over. The 
reason for the resumption of the tariff can be traced to the fact that the 
United States in 1928, an unusually good building year, operated its 
cement plants at only 74 per cent of capacity, yet found itself the second 
largest importer of cement. 

Further curtailment of the construction industry in the 12 years after 
1928 forced the operating rate of these plants to new lows of between 
28 per cent and 65 per cent of capacity, with improvement and higher 
rates during the last 3 years of the period Foreign countries whose 
cement plants use cheap labor have consistently taken advantage of 
low shipping rates to unload their product on both Americas, thus cut- 
ting off our export trade as well as aggravating our own labor problem 
and upsetting cement prices in the seaboard cities. Cheap shipping 
rates permit certain foreign countries to ship a product to America at ^ 
less than the American manufacturer has to pay to reach the same 
market. 
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In 1939, there \v’ere approximately 95 maior operating companies, 
with a total invested capital of nearly $650,000,000.00. The value of 
output in 1939 was $1.47 per barrel (national mill average) on 122,651,- 
000 barrels. These figures arc fairly typical of the cement inclustiy 
within the past 10 years During the mid-lOSO^s, production and prices 
were severely depressed because of the general fall in construction activi- 
ties; however, since 1937 production and mill averages have been advanc- 
ing slowly. Though there have been improvements, the production for 
1939 — the highest recorded since 1931 — ^was 31 per cent less than the 
all-time high of 1928, and the price was 15 per cent lower than in 1928. 
Wage earners in 1939, over 26,000 in number, received more than 
$34,000,000.00, and the total payroll was nearly $50,000,000.00. The 
cement industiy consistently holds the position of the third largest rail 
shipper of manufactured products in the country^ second only to oil and 
steel. It is one of the largest users of coal, and ranks near the top in 
electricity consumption. 

Major classes of cement usage. The United States is the leading 
nation in per capita consumption of cement. Of this, 30 per cent is 
found in structural concrete — buildings of all types, bridges, dams, 
water-power projects, storage tanks, resen'oirs, and river- and harbor- 
\vork. Paving and highway take up 24 per cent. Concrete products, 
including block, pipe, tile, and specialties, consume 10 per cent. Conser- 
vation requires 9 per cent and farms 4 per cent. Small homes and other 
diversified uses account for the remaining 23 per cent of production. 
From skyscrapers to sidewalks, from* stadia to silos, wherever modem 
building is in process, one will find cement. 

Raw Materials 

A uniform cement naturally" demands uniform raw material. Thi? 
fact accounts for the location of cement mills. 

It has been said that cement is a mixture of argillaceous and calcareous 
materials. Therefore, where these requisites abound, cement is made, 
provided that a ready market for the product is conveniently close at 
hand. An article of the weight, bulk, and cheapness of cement can be 
shipped by railroad only to the limits of the competing mill’s radius. A 
New York City dealer, for example, buys from mills near Albany and 
from those in the Lehigh Valley’, since mills in those sections are^ able 
to undersell any other districts, or rather to make a profit where the 
“outside” mills would suffer a loss. 

Classification of materials. The argillaceous materials are clay, 
shale, slate, blast-furnace slag, and cement rock. In these are found 
silica, alumina, and iron oxide in large proportions. 

The calcareous materials are limestone, marl, chalk, marine shells, 
and alkali waste. In these are found lime (combined with carbon dioxide 
as calcium carbonate), magnesia, and minor impurities. It is common 
practice to use one calcareous and one argillaceous material in manu- 
facture, because only rarely is the correct composition found in any’ 
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single deposit. About 30 per cent of cement is made from limestone and 
cement rock, since this mixture is the most popular in the Lehigh Valley 
district. Approximately 57 per cent is made from limestone and clay 
or shale, a combination widely distributed. A slag and limestone mix- 
ture is used for 10 per cent, and marl and clay for about 3 per cent. 

Limestone in its pure form is the mineral calcite. When carbonate 
of magnesia reaches 45 per cent in limestone the rock is known as 'dolo- 
mite.” For cement, limestone should not have over 7 per cent carbonate 
of magnesia (5 per cent in the finished cement) . Lime in the raw stock 
can run as high as 75 per cent. The composition of Portland cement is 
as follows: 


Ingredient Per Cent 

Lime 60-65 % 

Silica 19-25 

Alumina 5-9 

Iron oxide 2.5-3.5 

Gypsum 2.0 

Miscellaneous ingredients 0-5.0 


Using the 75 per cent lime as a basis, the cement manufacturer adds 
to his cement rock either purer limestone (if below 75 per cent) or clay 
or low-in-Iime cement rock (if above 75 per cent) to maintain the re- 
quired proportion. 

Cement rock is the name given to Trenton limestone of the lower 
Silurian Age. It lies between Hudson shales and Kittatmny magnesium 
limestone. A ton of cement rock and limestone must be quarried to 
make 3 barrels of cement (1,128 pounds). 

Marl is a more or less pure carbonate of lime. It is found on the 
bottom or banks of extinct lakes and is formed by the precipitation of 
calcium carbonate from the water by algae or water plants. Marl has 
to be dried, as it usually contains about 50 per cent water 

Clay in its purest form consists of kaolin, a hydrated silica of alumina, 
but more commonly is made up of a mixture of kaolin and finely eroded 
materials, such as quartz, feldspar, and mica. It is formed by the 
disintegration of rocks containing minerals made up largely of alumina 
and silica. Silica should predominate by two and a half to four times in 
clay used for cement manufacture. 

Shale is simply solidified clay. It is preferable to clay because it 
can be more easily handled and requires less drying. Shale is most 
frequently used with limestone, for both are dry. Clay is used with 
marl for the opposite reasons, namely, that both are wet and do not 
segregate. 

Slag is the product of blast furnaces working on pure ores only. It 
is granulated by cooling suddenly with water and is then dried, ground, 
and mixed with ground limestone. Slag is a comparatively new ingredi- 
ent in cement manufacture and is being used by plants in the ore centers 
of Indiana, Pennsylvania, and Minnesota. The Ford plant in Detroit 
has also adopted slag as a raw material. 

Gypsum is hydrated sulphate of lime. Either calcined or in its native 
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state, it is added to cement to slow the set. About 8 pounds are required 
for every barrel of cement. 

The Location of Cement Mills 

Cement mills are located at the source of supply for the raw materials. 
(See Figure 1.) This is, of course, the reason for the position of the 
Lehigh Valley district as the greatest center of cement production in 
the world. The Lehigh Valley district, comprising the eastern counties 
of Pennsylvania together with that part of New Jersey adjacent to 
Easton, Pennsylvania, has been the leading producer from the day of 



Pig. 1. 


Saylor. Nearly a quarter of the country’s output comes from the 20 or 
more mills in this restricted area. California, Michigan, New York, 
Ohio, Illinois, and Texas are the other important centers of manufac- 
ture. However, this growth would not have been possible had it not 
been for the proximity of the New England, New York, and Pennsylvania 
markets. Cheap coal and labor have also been important contributing 
factors to the success of this territory. 


Manufacture of Portland Cement 

The necessity of chemical control. Even if the raw materials are 
of satisfactory' quality, it is a difficult task to mix them accurately. A 
quarry’s product does not run exactly uniform. It is necessary to make 
chemical tests before the material can be touched, and these tests must 
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be continued through every step of manufacture. Night and day in the 
cement plant the laboratory is busy. No material can be used, not a 
motor can turn until the chemist gives his approval. To be sure, there 
are definite mechanical aids to facilitate this control of the product 
from start to finish. The chemist works from formulae and applies 
them to his materials, so he must have a record of everything — every 
hour of the4ay. The American Society for Testing Materials has speci- 
fications which cover the physical properties of cement, and these are 
adhered to by all manufacturers. But a plant cannot risk an inferior 
product that will be discovered only after it is made and ready to be 
sold hlechanical processes are standardized for treating the various 
combinations of raw materials. Only the laboratory can fix these 
combinations and so protect the plant and its product. 

Influence of materials on basic processes. Of the raw materials, 
limestone, cement rock, and shale are quarried. (See Figure 2) . Clay 



Fig. 2 Quarrying. In this type of quarry cables operate the cars after they are 
loaded by steam shovels. 

is dug from pits. Marl is dredged, often from under water. Mining is 
adopted only where the overburden of undesirable material is too thick 
to be stripped off. Stripping is sometimes necessary if the impurities 
are great, as their presence may complicate the regulation of the neces- 
sary mix; or, in the case of clay, they may make necessary the addition 
of considerable expensive limestone. Cement rock is blasted; the whole 
vertical face of the quarry is brought down at once to a depth of 16 to 
20 feet. Steam shovels load the broken rock on to small skip cars that 
arc pulled out by an electric incline-cable hoist, if the floor of the quarry 
is deep enough to require it. Electric locomoth^es then take the skips 
directly to the crusher. Cement rock and limestone may contain only 
5 per cent moisture. Marl, on the other hand, may contain from SO 
to 60 per cent. This material is handled differently, being put into 
barges from the dredge and thence on to a belt conveyor for transporta- 
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tion to the mill. It may even be mixed to a uniform consistency in 
revolving steel cylinders and pumped to the mill. 

The wet and the dry processes. It is possible to see now that there 
are two well-defined classes of raw materials, wet and dry. Similarly, 
there are two processes of manufacture, the “wet” and the “dry.” When- 
ever clay or marl is used, the wet process is followed. Cement rock, on 
the other hand, calls for the dry method. The latter method is of 
American origin. The rock must be crushed, dried, ground, and burped. 
The initial step is expensive, but the burning is obviously less expensive, 
since it treats a dry, powderlike substance. In the wet process the 
material is crushed, mixed with water and other essential ingredients. 



Fig. 3. Rotary kilns. 


ground, and burned wet in the kilns. It is the consistency of thin mud 
when ready for burning (containing 35 to 40 per cent water) . 

It is claimed for the wet process that chemical control is easier because 
the contents of two or more ^‘correcting’^ tanks can be mixed as required 
Just prior to burning. In the dry process, while the ground material is 
stored and then remixed before burning, much of the success depends on 
the chemist^s good judgment in making his corrections from earlier 
readings. 

Crushing the raw stock. A plant using the dry process usually" 
crushes its raw stocks separately, stores them in separate bins, and mixes 
them by a pair oi automatic electric scales just before grinding They 
are in some cases ground separately and then mixed after analysis. lu 
the wet process the materials arc cini'^hed separately and stored The 
clay is worked into a thin solution in a wash mill" and the limestone is 
added at the grinding mill. Tanks or houses with several divisions of 
bins are customarily used for storage. The material is drawn out from 
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the pretested divisions through spouts at the bottom on to belt or screw 
conveyors. 

The crushing of rock in the dry process is managed by gyratory 
crushers, jaw crushers, roll crushers, and hammer mills. More than one 
set is often necessary to reduce the rock to a maximum of about 1 inch 
in diameter. Crushers are capable of reducing an 8-ton rock at one bite. 

Drying raw materials, Diying is next necessary to remove most of 
the 5 per cent moisture. Rotary dryers are now used, measuring 5 to 8 
feet in diameter and 50 to 80 feet long. (See Figure 3.) They are 
direct-fired in the majority of plants. Oil or powdered coal is the heat- 
ing agent. The cylinders revolve on bearings and are tilted to carry the 
material from the coal end to the combustion end. Clay sometimes balls 



Fig. 4. Grinding. 


up — ^that is, it bakes on the outside and remains wet on the inside. In 
such cases it is nccessaiy to crush and rcdiy it 

Comparative advantages of the two processes. The wet process 
originated with the use in cement manufacture of the soft chalk found 
in England and noith Germany. Beside offering economies in grinding 
and dr}dng, the material is easier to handle and there is less dust. On the 
other hand, more fuel is needed for the kilns, more coal must be ground, 
the kiln capacity must be greater, and some power is needed to agitate the 
slurry. 

Grinding raw stock. One of the two most important steps in manu- 
facture is the same in both processes. This is the grinding. It is done 
by what is known as *^Compcb mills.” (Sec Figure 4.) These aie steel 
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tubes approximately 7 to 10 feet in diameter by 22 to 40 feet long. The 
inside is lined ^dth ribbed plates. A division marks the interior 5 to 
6 feet from the feed end. It is in the form of a grid screen that lets the 
properly ground material into the next section. Some 20,000 pounds of 
steel balls up to 5 inches in diameter occupy the first section; about 

70.000 pounds of smaller balls up to 1% inches in diameter are in the 
second. The material is literally smashed to bits by the action of these 
balls. The mills revolve rapidl}^ on shaft drives. Their product is finer 
than flour. As much as 97 per cent of it will pass through a sieve with 

10.000 openings to the square inch. It is popularly known as '‘chalk” 
in the diy process and "slurry” in the wet process. It takes 620 pounds 
of chalk to make a barrel of cement. Both the sluny and chalk are 
stored before entering the kilns in order to permit them to be mixed 
thoroughly and tested in the laboratory for final corrections and also in 
order to keep the kilns supplied if any emergency should require shut- 
ting dovm the department which handles the raw material of the mill. 
The sluriy’’ is put in basins and agitated constantly prior to burning. 

Burning the ground material. The next process is the most fascinat- 
ing of all. Ground rock was bm:ned in upright dome Icilns to make the 
first Portland cement. Alternating layers of rock and fuel were placed 
in the kiln, and it was a week before the charge of about 100 barrels was 
burned. The modem rotaiy kiln can deliver over 1,000 barrels in a 
day. F. Ransome received the patent for this type of kiln in England 
in 1873. American adaptations of this style were about 60 feet long 
until Thomas A. Edison patented a kiln 150 feet long in 1909. Lengths 
up to 500 feet are now in use. jSIanufacturers were afraid that elongated 
steel tubes would warp if lengthened until Edison proved his case by 
practical demonstration. The increased size meant far greater capacity, 
imiformity, and economy. 

The kiln construction and function. The modern kiln is a sheet steel 
tube 6 to 12 feet in diameter and 110 to 500 feet long. The tube is 
supported on steel tires or rings and is driven by girt gear. The mate- 
rial enters one end of the tube, where the temperature is perhaps 400 
degrees F. It is carried along the passage lined with fire brick by the 
slow revolving of the tube and by its slight pitch (18 inches in 150 feet). 
Shooting into the kiln for perhaps 30 feet of its length from the opposite 
end is a jet of flame. This is caused by pulverized coal, oil, or gas burn- 
ing under pressure. The temperature created goes up to 2,800 degrees 
F., high enough to melt gold, silver, or steel. It turns the fine mixture 
into clinker sufficiently hard to scratch plate glass. A moderate-sized 
kiln 9 feet by 150 feet can produce 825 barrels of clinker in a day and 
uses over 40 tons of coal or 8,250 gallons of oil in doing it. The kiln is 
a 24-hour, 7-day-week worker, because of the expense of starting it when 
allowed to idle and cool, TVith the wet process, it is estimated that only 
60 to 70 per cent of dry-process production is reached in the kiln. 

Clinker, product of the kiln. After the use of the kiln, there is no 
difference between the wet and dry processes. The clinker is about 
the size of a marble. It is cooled by water and sometimes by rotary 
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coolers. Clinker is stored where most convenient. Reserve stocks can 
be kept out of doors without injury. As it is needed, the clinker is 
weighed by electric scales and the prescribed quantity of gypsum added 
automatically. Mills similar in most cases to the Compeb type reduce 
the clinker and gypsum to the ultimate product, Portland cement. The 
cement particles are so fine that 94 per cent will pass through a sieve 
with 40,000 openings to the square inch. Large stock houses that look 
like silos or tanks receive the cement, and it is drawn out as required 
for immediate bagging and shipping. 

Packing Portland cement. Most cement for domestic consumption 
is packed in bags, although bpik car shipments are also required. The 
latter are economical when the cement is to be used by central mixing 
plants and no subsequent handling of any kind will be necessa^J^ A 
bag of Portland cement weighs 94 pounds. The unit of sale is the barrel, 
wdiich contains 4 bags. 

The Bates machine has been adopted in nearly all plants for bagging. 
There are 3 spouts to the machine operated by one man. He inserts 
a spout into a hole in the bottom corner of tlie bag The bag is filled 
and the supply is automatically cut off at 94 pounds. The bags of 
course are wire-tied at the top before the filling operation. A 3-tube 
machine delivers 1,000 to 1,500 barrels* per 10-hour day, or enough to 
fill 5 to 7 freight cars. Shipments are made in either cloth or paper 
sacks. If the former are desired, the customer pays 40 cents a barrel 
(10 cents a sack) , to be rebated when he returns the bags. It is esti- 
mated that over 65,000,000 cloth sacks are lost or destroyed each 3 ''ear. 
Two trips a year are average for a cement sack. Between trips it must 
be cleaned and repaired by the mill. There is also a charge of 15 
cents a barrel for paper bags, which is not rebated. Nevertheless, the 
convenience of paper bags has forced their promotion, until nearly as 
much cement is shipped in them as in cloth. 

The power behind the mill. Until a few 3 ’’ears ago, the boilers in a 
cement plant were regular, direct-fired models. Then it was discovered 
that the waste heat from the kilns might be utilized. Now waste kiln 
heat generates steam to drive the turboelectric generators. The tur- 
bines operate every unit in the plant at a 50 per cent cut in coal con- 
sumption. In addition, the waste gases heat the feed water for the 
boilers to 200 degrees P. Today it takes 130 pounds of coal to make a 
barrel of cement; a few years ago over 200 pounds were used. At that 
time all equipment in a cement plant operated from a belt-driven pullej’', 
connected to a common line shaft. Since it does away with engines 
entirely, the individual electric motor drive is best today. There is no 
shafting, no line friction; the plant can be shut dovm where and when 
desired; the operation is smooth, continuous, and uniform throughout. 
Direct-connected motors are used for kilns, crushers, grinding on raw 
and finishing ends, conveyors, and so forth. A 1,000-horsepower motor 
is not rare; a 60-inch belt is common. The power installation for a 
single large cement plant (2,500,000 barrels annual capacity) produces 
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enough electricity to supply a city of 150,000 with power and light. 
Yet this plant might employ less than 500 men 

Engineers have been bending constant effort since the inception of 
the industrj’’ to gain more exact control of the extremes that are employed 
in the manufacture of cement. Since it is necessary to work up such 
great power, force, and heat, and to handle such very fine and minute 
particles of ground materials, the most direct attacks on the loss of effi- 
ciency in the mill have been made along the lines of securing the great- 
est heat per unit of fuel. Once the heat has done a job, it cannot be 
allowed to escape through the stack, for the loss would be prohibitive 
to the continued operation of the plant. The idea is to recuperate every 
unit of heat possible and reemploy it in another task. Steady improve- 
ments have been made in fuel burning, kiln insulation, and heat-recup- 
erating devices. Another advance has been the growing use of dust- 
collector systems to catch the very fine particles of ground materials 
before they escape from the mill. 

Care of wage earners. For the laborers in a cement plant, all facili- 
ties necessary to assure bodily cleanliness are maintained. A cement 
plant is dusty; the dust is particularly difficult to control in dry-process 
plants, and its lime content makes it especially unpleasant. Screens, 
ventilators, and enclosed construction are helpful in reducing the spread 
of dust. But after a day in the average mill, any person is entitled to 
a shower and change of clothing. Modem provision is made in all plants 
for the wage cameras care, whether in sickness or in health, and in many 
cases there is organized super^dsion of the emplo^^ees by a company offi- 
cial. Accidents have been reduced by education and protective devices 
until as many as 20 plants have gone through a year without a single 
serious injury. 


Cement and Concrete 

The secret of cement’s value. In all, there are over 80 operations in 
the production of Portland cement. To carry them out the largest 
revohdng machinerj’^ in all industry is called into play. Haw materials 
are burned until melted to a pastelike form under the kiln heat, certain 
gases are driven off, and a new composition is formed from the elements 
remaining. When ground, this substance becomes capable of a great 
afiinity for water. The chemical reaction is called “hydration.^^ The 
cement and water form a paste which coats every particle in the mixture 
of sand and stone, hardens, and renders the entire mass rocklike in char- 
acter. Thus we have concrete, the indispensable ingredient of which 
is Portland cement. 

Concrete. Tlie water-cement ratio of proportioning is an integral 
part of modern specifications for concrete work. This ratio calls for the 
minimum amount of water that will make the mixture workable. For 
example, 1 cubic yard of concrete floor will require 6 sacks (6 cubic feet) 
of cement, 38 gallons of water (6% gallons per sack of cement), 12 cubic 
feet of sand, and 18 cubic feet of stone. This is what is known as a 
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“1:2:3 Concrete must be cured after placing, and warm, moist 

conditions are desirable to complete the chemical action. 

Marketing cement. The problem of transporting cement from the 
plant has been mentioned. About 200 barrels, or 800 bags, are loaded 
to a car. The medium of sale is the dealer in building materials. He 
has facilities for financing, storage, and delivery. Cement is sold direct 
to him, although it may be shipped to the contractor to avoid needless 
handling. IManufacturers make contacts with all building interests 
which influence purchases. Likewise the dealer makes an independent 
selling effort. 

The dealer does not ordinarily carry large stocks of cement. There- 
fore all substantial orders are filled by the cement mill, which must be 
in a position to ship within a few hours. As the mill does not carry 
stoclcs in bags, this means that, on each order, sacks must be filled 
and cars loaded The price of cement is based on a mill-net figure of, 
let us say, S1.60 a barrel. The dealer pays this figure plus the 40 cents 
per barrel for cloth bags, on which he is entitled to a rebate, or 15 cents 
per barrel for paper bags. To this is added the freight charge, wdiich 
may run as high as 30 per cent of the mill net. The dealer’s price, then, 
is, for example, $2.48, the mill net, the cloth bags, and the freight charge 
making up the total. The dealer receives usually 10 cents per barrel and 
an additional cash discount as his share in the transaction. If a manu- 
facturer is situated less advantageously, thus making his freight rate 
higher, he will take business at the $2.48 figure and sacrifice his own mill 
net. A dealer may represent several manufacturers to satisfy the pref- 
erences of his customers for particular brands. This representation is 
limited, however, to companies that, because of their mill locations, can 
sell at a profit in the dealer’s te^Titor5^ 

Developing uses for cement and concrete. There is a never-ceasing 
search for consumption outlets for Portland cement. The future of the 
product depends on the same research and development work that has 
characterized the industry in the past. Reinforced concrete is witliout 
equal for durable, rigid construction. Steel rod and wire mesh, when 
interlaced with it scientifically, form a mass highly resistant to side 
stresses, as is evident in concrete floors and highways. There is an indi- 
cation of the success of steel-frame houses in recent tests, and Portland 
cement stucco forms the ideal, protective, and decorative surface for 
this of construction; it is fireproof, waterproof, and demands the 
very minimum of upkeep. Stucco is a mixture of Portland cement, 
sand, and water. The coarser aggregate, crushed stone, is either omitted 
or is present only in very small quantity. 

Admixtures, such as calcium chloride, are now frequently used in 
the concrete mix to quicken the hardening. The clinker is burned twice 
to produce a cement of similar rapid hardening quality. In highway 
constriction or wherever the concrete must be ready for use in a few 
hours — strong, firm, and wear-resistant — such preparations hasten the 
usefulness of the work. Labor and time economies are also effected. 

Concrete is neat, clean, and almost imperishable. These and other 
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qualities recommend cement for the most lasting of building projects. 
Cement is made into precast units, kno^m as ^'concrete products/' of 
endless application. Block, tile, singles, pipe, and ornamental stone 
are the more important of these products. Some reproductions in con- 
crete of natural stone are so faithful that architects specify them from 
choice. The variety of possible shades and textures meets the artistic 
demand; the ruggedness and strength fills the practical requirement. 
Architect and farmer alike have accepted Portland-cement concrete for 
as different reasons as the versatility of cement suggests. 

This common acceptance of Portland cement has fostered a new trend 
in the industry. Up to a few years ago, all cement conformed to one 
or two standards requiring imiform specifications. But in recent years, 
requirements for various tjqies of projects have demanded that the 
cement used should contain certain chemical and physical characterise 
tics. Thus, in addition to regular Portland cement, there are now a 
number of other types, as High Early Strength, Low-Heat, OilAYell, 
Sulphate-Resistant, and Masonry cement. Of course, in specifying any 
of these types, the engineers and architects insist on samples being sub- 
mitted to one of the numerous testing laboratories to assure them that 
the cement will meet the specifications they desire. Once the cement 
has met the requirements, it is necessary for the manufacturer to set 
aside a certain quantity for the particular job while he goes on to pro- 
duce a cement to meet another test. This has caused the manufacturers 
great inconvenience and expense, as they are unable to utilize their 
full storage capacit 3 \ Y^iere a storage bin may hold 5,000 barrels of 
cement, it may be necessary to assign this bin to hold 3,000 barrels of a 
tested cement. Nor maj' any other cement be put into this bin until it 
has been emptied, which may take 2 weeks to a month, depending on the 
progress made on the construction. 

Cement, a leader in construction. Already concrete dominates the 
engineering and structural successes of the countr 3 \ In 1879, the stone 
foundations of the Washington Monument in Washington, D. C., were 
replaced by a concrete footing, 16,000 square feet in area. This was 
one of the earliest and best-known applications of Portland cement. In 
1929, the tallest reinforced concrete building in America was the i^Ias- 
tcr Printers' building in New York City, 299 feet high. Tlie size of 
bridges has been increased to ever greater dimensions. The New York 
Triboro Bridge was a $60,000,000.00 project. The Golden Gate Bridge 
in San Francisco required towers 746 feet liigb, and the deck of the 
bridge attained a height of 200 feet at the liighcst point over the water. 
The Bay Bridge in San Francisco Bay has a length of over 37,000 feet. 
The two greatest concrete stadia arc at Los Angeles, California, with a 
seating capacity of 75,000 or more, and at Soldiers Field, Chicago, with 
room for 100,000. 

Famous dams made of concrete on this continent are onlj" exceeded 
in their individual sizes bj' the vast comprohensivenos< of the entire 
dnin-bnilding program tlinl ha*^ been carried on in America since 1928. 
Among t!io greater dam? arc the Grand Coulee Dam. with 11,250,000 
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cubic yards of concrete alone; the Boulder Dam, over 600 feet high; 
and the Shasta Dam, 5G0 feet high. So great is the amount of material 
and machinery used in the construction of these projects that it is often 
advisable to build factories at the site of the project. Another type of 
construction that has progressed rapidly is the tube for carrying auto- 
mobiles, trains, and water. In tunnel construction, the City of New 
York alone has 6 tubes under the Hudson River, 22 under the East 
River, 3 under the city proper, 3 under the Harlem River, and 4 vehicu- 
lar tubes, not to mention countless miles of aqueduct and smaller tun- 
nels. The Cascade Tunnel in the State of Washington, 7.78 miles long, 
is one of the longest railroad tunnels in this country. 

In America, there are over 96,000 miles of concrete highway of all 
kinds. A concrete road costs about §25,000.00 a mile to construct, of 
which 52 per cent is paid out for labor. Though this initial cost is 
greater than the cost of any other hard-surface roads, the maintenance 
cost for concrete is only 25 per cent of what it is for other hard surfaces. 
Less tire wear, lower gas consumption, and greater traction are advan- 
tages of concrete highways, aside from their cleanliness and durability. 

These are some of the more notable examples of concrete application 
in the past. In the future, tliere will be further developments of these 
achievements. There will be concrete steel houses, built according to 
standardized forms to cut building costs. Airports have already applied 
concrete to runways and hangar aprons, necessities for successful bad- 
weather operation. There will be more express highways of the Penn- 
sylvania Turnpike type, 12 lanes wide, and built to accommodate a speed 
of 100 miles per hour. Surely there will be other outlets, impossible to 
foresee now, just as the present immense projects were hard to visualize 
even 10 years ago. Though the innovations in the applications of cement 
are obscure until conceived in the mind of man, it is certain that the 
future will bring developments along the lines of present uses but of 
greater size — greater dams, greater bridges, larger road systems, and 
the like. All will help to contribute to the second cycle of growth of 
this industry. 

The Portland cement plants in the United States today, producing at 
capacity, would require in a year enough 94-pound sacks to keep you 
walking if you cared to count them all, one after another, 340,000 miles. 
If you preferred to count loaded freight cars, there would be a mere 
1,250,000 of them. 
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The Chemical Industry — The Chemical Process Industries 

Born of chemistry and economics, the chemical industry is not what 
a large part of the public thinks it is. It does not mean fireworks, glue, 
witing ink, matches, or perfume — altliough all of these are essentially 
chemical in nature. Rather it is something much larger, much broader 
m its industrial significance, though less evident to the public eye. Only 
an insignificant part of the total output of the industry ever reaches the 
ultimate consumer in anything like the form in which it emerged from 
the chemical plant. 

An exact definition of the term '^chemical industry’^ is something for 
which those who have occasion to write and talk about the industry 
have been looking for many years, For want of something better we 
could say that the chemical industry is any industry wherein chemical 
rather than ph3’‘sical change of materials is involved, where the arrange- 
ment of atoms and molecules is altered instead of, or as well as, shape, 
appearance, and texture of the materiah For the purposes of this chap- 
ter, however, and in the light of the generally tbought-of meaning of the 
terra, this definition of chemical industiy is still too broad inasmuch as 
it allows inclusion of such industries as soap, cosmetics, and paints and 
varnishes which are not strictly chemical industries. These latter indus- 
tries involve chemical changes of materials, but to distinguish them from 
strictly chemical industries they arc generally referred to as the chemi- 
cal process industries. In addition to those mentioned above, they in- 
clude such well-known industries as pulp and paper, petroleum refin- 
ing, rubber, ceramics, textile processing, cement, glass, and sugar — a 
group Avhich represents almost one fifth of all the. manufacturing enter- 
prise in the United States. 

The primary distinction between the chemical process industries and 

of the material m this chapter has been taken from the September, 
V330, ‘‘Pacts and Figures‘^ issue of Chemical and Metallurgical Engineering 
(New York: McGraw-Hill Book Company, Inc.), Acknowledgment also 
made for extracts from Economics of C/ic7nica^ Industries^ by E. H. Ilempel (New 
York: John Wilc 3 ' & Sons, Inc.), and the original chapter on the chemical industiy^ 
by Albert H. Hooker contained in the first edition ot this book 
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the strictly chemical industr}^ lies in the extent to which chemical change 
is involved in the operations of the industry. In the case of the process 
industries chemical changes are usually involved only in the refining, 
purifying, or other “processings^ of the raw material, the chemical struc- 
ture of the material itself remaining unaltered. Gasoline and lubricat- 
ing oils, for example, are chemically the same after refining as they 
were when they existed as a part of the complicated mixture that is 
crude petroleum. Chemical changes, however, vrere involved in liberat- 
ing and purifying them. Likewise, in the making of sugar from cane 
and beets the sugar remains unchanged chemically but chemical meth- 
ods are involved in the removal of impurities from the raw juice. 
Strictly chemical industry on the other hand is concerned with the manu- 
facture of products wherein the raw material itself undergoes chemical 
change and a new product emerges which is entirely different in its chemi- 
cal characteristics. Examples are the manufacture of sulphuric acid 
from sulphur, and chlorine and caustic soda from common salt. 

Wl^at might be called a secondaiy distinction between the process 
industries and the chemical industry is the type of market serv^ed by 
each. In general the process industries sell their products to the public, 
the ultimate consumer, whereas the products of chemical industry in the 
main are such that they are of value only to other industries, and their 
market is largely an industrial one. Tlie chemical process industries, in 
fact, are among the best customers of the chemical industry. 

Strictly chemical industry is in general what is meant by the term 
“'chemical industrj^” today. The distinctions mentioned between it and 
the “chemical process industries’^ are not ironclad, and in fact there are 
several outstanding exceptions, but until some more distinct classifica- 
tion is evolved they will have to suffice. Henceforth in this chapter we 
shall deal with “chemical industry” only. 

Foundations of the Industry 

One of the characteristics of the chemical industry’’ is its comparative 
youth, for while it had its beginnings during the Industrial Revolution, 
its progress was slow and it did not achieve the rank of a major industry 
until after the First World War. It has been said that chemical indus- 
try dates chemically from LeBlanc’s discovery of his soda-ash process 
in 1791 and industrially from the First World War. 

Early activities involving chemistry date back to the manufacture of 
white lead by the Greeks, of gunpowder and porcelain by the Chinese, 
of glass by the Phoenecians, but these can hardly be called the begin- 
nings of chemical iDdustr3" since they were carried out entirely by rule 
of thumb, and chemistry as a science was nonexistent. 

The LeBlanc soda-ash process. During the Kapoleonic Wars, 
France was forced to develop her ovm alkali industry since the natural 
soda ash obtained from Spain was cut off. A prize was offered for the 
best process, which was discovered by LeBlanc in 1791. He produced 
soda ash from salt, sulphuric acid, and limestone. A small plant was 
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built in France, but the process was developed to a much greater extent 
in England, where raw materials were more abundant. In fact, the 
LeBlanc plants in England, with their correlated products of sulphuric, 
muriatic, and nitric acids, soda ash, caustic soda, bicarbonate of soda, 
salt cake, Glauber’s salts, alum, and bleaching powder, dominated not 
only the English market but the world market as well, with Europe, 
America, China, and India all looking to England for supplies from this 
newly developed chemical industry. 

LeBlanc is generally credited with being the first person to carry to 
successful fruition a deliberate, planned attempt to make out of one or 
more chemical products another that is chemically different, keeping in 
mind not only the product desired but the economics of the process as 
well. This, in essence, remains the aim of the chemical industry today: 
to produce new products and better products economically. 

The Solvay process. As chemistiy advanced, the Solvaj’’ brothers in 
Belgium developed a new method of producing soda ash of greater pur- 
ity without the use of acid For this process the only raw materials 
needed were coal, limestone, and salt, and the finished products were 
soda ash and calcium chloride. Solvay plants spread rapidly in Eng- 
land, Germany, and America. It was a black day indeed for the proud 
British alkali business. 

About this time, however, there developed a shortage in the supply of 
bleaching powder, a product made from the waste chlorine gas obtained 
from the LeBlanc process. Bleaching powder prices mounted higher 
and higher until a balancing point was reached, and soda ash by the 
LeBlanc process, together with bleaching powder, could be made and 
sold at a profit in competition with Solvay soda ash. Thus chlorine, 
which previously had been considered a waste product, became the salva- 
tion of a portion of the industry. In the chemical industry today, every 
new process is evaluated on the basis of the market value of all the 
products obtained from it, not just those of immediate interest. 

Electrolytic caustic soda. Later another revolutionary change took 
place in alkali manufacture, the backbone of the early chemical industry. 
With the availability of commercial electricity, a process for the economi- 
cal production of caustic soda and chlorine by the electrolysis of salt 
brine was developed. Both the electrolytic and Solvay processes are 
used by the alkali industry today. 

Coal-tar chemicals. In 1856, Perkin of England produced aniline 
from coal tar, a sticky black substance for which no use was then knov^Ti. 
In tr>dng to synthesize quinine from this, Perkin succeeded in obtain- 
ing only a black liquid that looked as hopeless as the tar itself. The 
liquid turned out to be a solution of mauve, however, the first synthetic 
dye. It was thus that the s>mthetic-d3"e industry* — in fact, the entire 
great coal-tar chemicals industry, which now includes medicinais, per- 
fumes, artificial flavorings, artificial resins, insecticides, and a number 
of industrial chemicals — got under way. 

The Frasch process. Though not a chemical development itself, the 
Frasch method of mining sulphur played a significant part in the dcvel- 
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opment of the chemical industrj^ particular^ in America, because it 
made available unlimited supplies of cheap sulphuric acid. Sulphuric 
acid has often been called the most essential chemical in industry, and 
this is especially noteworthy in view of the fact that from one third to 
one half of all the sulphuric acid produced never gets outside of the chemi- 
cal industrj^ itself. It is the chemical used in greatest volume in the 
production of other chemical products. 

Prior to 1890, practically all sulphur for making sulphuric acid came 
from Sicily, and the price became almost prohibitive before Frasch de- 
veloped his simple method of reaching the vast quicksand-covered de- 
posits m Louisiana. By sinking three concentric pipes dovm to the sul- 
phur beds, he was able to send hot water through one to melt the sulphur 
and compressed air through the second to force the molten sulphur up 
through the third. With the new cheap sulphur, sulphuric acid produc- 
tion bounded ahead, carr3dng the rest of the industry with it. 


Growth of the Chemical Industry in America 

Early beginnings. The first chemical industry^ W’orth^" of note in the 
United States was the production of potash from wood ashes. In 
colonial times, taxes to England were paid in this commodity. This was 
the beginning of an alkali industry in the United States. Potassium 
fcrrocyanide and ferricyanide were manufactured in the early days in 
New England. The equipment consisted of old iron kettles originally 
used for tiydng out oils on the whaling vessels. Sulphuric acid was pro- 
duced by the burning of pyrites which was imported from Spain and 
the burning of sulphur from Sicity. 

Acetic acid, acetate of lime, and wood alcohol were all produced hy tlie 
distillation of wood. This industiy' naturally arose because of the avail- 
ability of hardwoods and the high excise tax on ethyl alcohol, which forced 
the use of wood alcohol for solvent purposes. The industry^ also yielded 
charcoal, tar, and crude pyroligneous acid, which was treated wiUi lime 
to give methyl alcohol and acetate of lime, a major export in the chemi- 
cal field. 

The manufacture of wlulc lead as a pigment for paint was also an early 
chemical industiy-. The manufacture of ‘^Dutch-process’" white lead was 
started in Philadelphia about 1815. Acetic acid and lead sheets or 
^^ucklcs” were the important raw materials; thus there was another 
reason for the production of acetic acid. (Sec Chapter 25, on “The Paint, 
Varnish, and Lacquer Industiy.”) 

Rapid strides made— important discoveries. The years from 1885 
to 1900 saw mudi development in the industry*. Calcium carbide was 
being experimented with at Spray, North Carolina, bv TVilkon Hall 
was developing electrolytic aluminum at Pittsburgh Acheron wa*: 
experimentint: with a small electric furnace in .Mononguhcla City, Penn- 
prodtjccrl rarborundum from clay and poVden-d 
col o; th u jn 1S9L In 1895, dcctric pov.-c.r ^va.- developed at Niagara 
Fall... In diat «iroe year Hall, Arheson, and Willson came to Niagara 
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Falls to take advantage of this development. Electrolytic aluminum 
and carborundum had heretofore been commercial failures, but the 
cheap power at Niagara made them commercially successful. 

The first electrolytic alkali plant was developed at Rumford Falls, 
Maine, under the patents of LeSeour. Castner invented the mercury 
cell for electrolytic alkali and installed it at Niagara Falls, producing 
caustic soda and chlorine. The Roessler and Hasslacher Company 
bought caustic soda and chlorine from the Castner Company and made 
metallic sodium and chloroform. They had been producers of sodium 
and potassium cyanide in Germany and they conducted that branch of 
the industry in Niagara Falls. The Oldbury Company had developed 
phosphorus and chlorates in England. They brought their process to the 
United States and became one of the pioneer concerns in the Niagara Falls 
development. 

At this time a research organization was formed in Niagara Falls 
This organization developed alundum, which was taken over by the 
Norton Company. The same group developed ferroalloys for the Car- 
bide Company. 

In 1902, under the patent of Bradley and Lovejoy, nitric acid was made 
at Niagara Falls by the Atmospheric Products Company, using the arc 
process. In 1909 tlie American Cyanamid Company of Niagara Falls, 
Ontario, turned to the cyanamid process for making nitrogen compounds 
developed by the Germans, Frank and Caro, in 1895 to 1898. In this 
process calcium carbide plus the nitrogen gave calcium cyanamid. In 
1910 Haber announced his process for the direct synthesis of ammonia 
from nitrogen and hydrogen. 

Beginning of the coal-tar industry. Coal-tar distillation, a chemical 
industry branch of great importance, was started in this country in 1882 
on a commercial basis by H. W. Jayne, who made benzene, nitrobenzene, 
and naphthalene in Philadelphia. His plant was taken over by the Bar- 
rett Company in 1888 and moved to Frankfort, Pennsylvania. 

Jacob Schoellkopf, a Buffalo tanner, became interested in the new coal- 
tar dyes discovered in Europe and set up a small plant for their manu- 
facture. This company was finally taken over by other interests and 
became the National Aniline and Chemical Company. The American 
dye industry, however, did not amount to much until the First World 
War, when chemical dependency on Germany w^as ended and Government 
protection and encouragement brought a rapid gi'owth — ^too rapid, in 
fact, as it turned out in 1921 and 1922, In the latter year textile pro- 
ducers and dye users openly expressed their dissatisfaction with the 
quality of dyes produced and the high prices asked. The new industry 
was overdeveloped to the point where conditions and products were not 
to the interest of all concerned. Finally, when prices had to be reduced, 
quite a few high-cost producers were eliminated. 

Rayon and plastics. The rayon industry was developed in France. 
The first successful commercial plant in this country was established in 
1910 at Marcus Hook, Pennsylvania. In 1912, approximately 1,500,000 
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pounds of rayon were imported into the United States. This country 
now produces more than three quarters of the world^s supply. 

Celluloid, first made by Hyatt in 1869, and Bakelite were the fore- 
runners of today^s huge plastics industry, which though technically a 
division of chemical industry has by virtue of its rapid growth and 
present-day importance earned the right to an industry classification of 
its owm. It is now one of the chemical industry’s best customers, and 
this, together with the chemical nature of its operations, has resulted in 
most of the large chemical companies going into the plastics manufac- 
turing field. 

The DuPont contribution. Any discussion of the development of 
American chemical industry must include the name of DuPont. The 
DuPonts were among the earliest chemical manufacturers on this side 
of the Atlantic, having established a powder mill at Wilmington, Dela- 
ware, in 1802 at the request of Thomas Jefferson, and today the company 
founded on these small beginnings towers in size above all others in 
the chemical field. Since the manufacture of explosives involved pri- 
marily nitrogen compounds, it was natural that, with the development of 
organic chemistry based largely on nitration processes, the company 
expanded to dyestuffs, solvents, lacquers, rayon, plastics, and allied 
products. The growth of the company came about from its own develop- 
ments and from acquired processes. 

The American Chemical Industry Today^ 

Products. Products of the chemical industry may be classified in 
three general groups according to the use to which they are put: 

(1) Materials which are the bases for production of other raw mate- 
rials (twice removed from the consumer) Example; benzene, from 
which phenol is made, which in turn is used as a raw material in the manu- 
facture of lacquers and plastics. 

(2) Raw, or processing, materials used in the manufacture of finished 
products (once removed from the consumer). Example: tetrasodium 
pyrophosphate, an ingredient used in the manufacture of soaps and wash- 
ing powders. 

(3) Finished products ready for the consumer. Example: para- 
dichlorobenzene, commonly sold as moth crystals. It should be pointed 
out that, although many chemical manufacturers make finished products 
that are ready for the ultimate consumer, rarely does the manufacturer 
actually sell to the consumer. Retail selling of chemicals is generally 
handled by jobbers or packagers, who buy the bulk material and package 
it under their own name. (This is discussed further under Marketing of 

^<^micals, page 532.) 

bein^ 

was d^ossible, in the case of a large company, that all three of these 

experimenfipid be made within the single company. In more cases, 

sylvania, whCi^ of certain important chemical products, see Chapter XXIV in 

ooKo; this was in ss book (1932). 

Cht In that sanfiv > 



THE CHEMICAL INDUSTRY 


525 


however, they would be made by three different companies, all classified 
as chemical companies but each confining its operations to a single more 
or less defined field within the wide limits of the industry. Thus the 
chemical industry in the broad sense is one of its own best customers. 
This is a characteristic found in few other industries. 



Raw materials. The principal primary raw materials of the chemical 
industry are coal, sulphur, limestone, salt, mineral ores, petroleum, air, 
and water. From these materials of nature are made both finished 
products and the secondary raw materials mentioned in the preceding 
section. Rising in importance but yet not approaching these mineral raw 
materials in volume used are the plant raw materials. Outstanding 
among these are: wood, from which is made rayon, plastics, and some 
synthetic vanilla; cotton, which goes into a large part of the cellulose 
plastics; and soybeans, flaxseed, peanuts, and other sources of vegetable 
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oils, which are used in paints and by hydrogenation are made into lard 
substitutes and other products. 

Location. Chemical manufacturing is not a highly localized industry, 
despite the fact that fully half the production is concentrated in four 
states, which in order of importance arc New Jersey, New York, Pennsyl- 
vania, and Illinois I^Iarkets and transportation are generally more 
important than souices of raw material, labor, and power, thus explaining 
the chemical concentrations in the New York, Philadelphia, Pittsburgh, 
and Chicago industrial areas. On the other hand, cheap electric power 
was the attraction that made Niagara Falls the countrj^’s chemical capital 
earlier in this century. Coal, gas, oil, and salt combine to give Charles- 
ton, West Virginia, her present claim to chemical fame. The South, 
Southwest, and Pacific Coast are increasing in chemical importance be- 
cause of a combination of botli markets and convenient raw materials. 

A typical problem of chemical-plant location is represented by the 
phosphate-manufacturing operations of IVIonsanto Chemical Company. 
Phosphate ore deposits lie principally in Tennessee and Florida, but trans- 
portation costs on ore from these centers to processing plants in the prin- 
cipal market areas would be piohibitivc because of the low percentage 
of phosphorus in the ore. The company found that it could strike the 
most favorable transportation balance by setting up a plant in Tennessee 
to extract the pure phosphorus from the ore and then ship this in tank 
cars to plants at Anniston, Alabama, East St. Louis, Illinois, and Trenton, 
Michigan, where it manufactures the important industrial phosphates 
close to their principal markets. 

Markets. As has been mentioned, the chemical industry’’ is not a 
consumer industry. The market for its products is comprised largely of 
other industries. 

Although three large companies account for between one half and 
three quarters of the capitalization of the chemical industry, it cannot be 
said that the industr}’^ or its markets are dominated or controlled by 
these companies. The reason for this is that, instead of being built upon 
a few products which have similar uses, as in the case of steel and auto- 
mobiles, the chemical industry supplies thousands of different products, 
most of which are for distinctly different uses. It can be said, in fact, 
that the chemical industry is probably the most diversified of modem 
industries. Not only does each of its thousands of products serve a dif- 
ferent purpose, but in the case of many of these they serA^’e several 
different purposes in different industries. This has a stabilizing effect on 
the market and on the industry’' as a whole. 

This characteristic of diversification of products and markets applies 
not only to the industry but to most individual chemical companies as 
well. Several of the larger companies, for example, make hundreds of 
different products which ser\^e as many as 50 to 100 different industries. 

There are many cases in the chemical industry today where a small 
company happens to be the major producer of a given product. Be- 
cause of the many chemicals made, it can be said that in general any 
single manufacturer, regardless of size, competes on a product b}’' product 



I'al, no matter now large, would have dif- 
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il industry is its greater dependence upon 
ind manual skill in its plant operations as 
lustries. The nature of the materials it 
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are inherently such that they can be liandlcd readily in closed systems by 
automatic equipment. Thus plant equipment, fuel, and power loom 
large in the operations picture of a chemical plant. Great electrochemi- 
cal plants often require more current than large cities. 

High productivity. As a result of advances in technological methods, 
the output of chemicals per wage earner has advanced steadily for many 
years. Today nearly three times the quantity of goods is made per 
man-hour as was produced in 1919. Some labor leaders have worried 
about this development, thinking that tripling the productivity means 
that only one third as many men can find work in the industiy. That 
has not been the case. On the contraiy, a very definite benefit has 
developed both for the public and for labor. 

A natural result of high productivity has been lower cost per unit of 
goods made. It has been a consistent policy of the chemical industry to 
pass on to the customer and to the wage earner as much as possible of this 
benefit. The rate paid per hour to highly productive employees has been 
constantly raised, as is shomi in the next paragraph. The prices of 
chemical goods have been constantly lowered, as will be shown in a later 
section. And finally, the industry has been able to expand continuously, 
making for a constant increase in the total number of employees. 

Employment and v^ages. Employment in the chemical industr}’’ is 
stable and well paid. Significant emploj^ment and wage trends in the 
industry are shown by the charts on the following page. 

Depressions affect chemical enterprise somewhat, but not so seriously 
as they do the average for all factorj^ craplo 3 ’’ment or payrolls. Tliis is 
natural, because chemicals are essential commodities for much of everj’’- 
day living. Employment, in hours worked per week, has been much 
more constant in chemical plants than for all factories. There has been 
definite shortening of hours in times of slack business, but the total swing 
back and forth has been small. 

Because chemical enterprise is so intensely technical it needs highly 
skilled workmen, generally speaking. It has relatively little need for 
large numbers of unskilled operators. In many cases safety alone de- 
mands that wage earners be alert and of high intelligence. The average 
annual wage for wage earners in the chemical industry in 1937 was 
SI, 485. 

Management of chemical enterprise is necessarily entrusted to technical 
people. Those untrained in chemistry and engineering could not manage 
much of this business. Many of the jobs that in mechanical industries 
can be filled by experienced men without special training are in chemical 
industry necessarily assigned either to men of long training or more 
often to college graduates who have had professional education in chem- 
istry or chemical engineering. 

According to one source, the turnover of wage earners in a representa- 
tive sample of chemical industry in 1937 was 33 per cent as compared with 
53 per cent in all manufacturing indust^J^ 

A study by the National Industrial Conference Board in 1937 brought 
out the fact that the capital investment per wage earner in the chemical 
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industry amounted to $11,250 as compared with an average of $7,000 
per wage earner for all manufacturing business. The value of goods 
made per wage earner is likewise higher in the chemical industry. 
Based on sales value of products, the figure in 1937 for chemical industry 
was $11,800 per wage earner as against $7,090 for all industry. 

Salaried employees and technical workmen play a larger part in chemi- 
cal industry than in most industry. Census figures show that, for all 
industry, 88 per cent of the workmen are wage earners, but in chemical 
manufacture only 82 per cent are of this class. In all kinds of industry. 



MONTHLY INDEX OF FACTORY EMPLOYMENT 
Source - US. Department of Labor 



AVERAGE HOURLY EARNINGS 
Source -US Department of Labor 

Fig 3. 




530 


THE CHEMICAL INDUSTRY 


about 1 per cent of the persons employed in manufacturing are officers. 
The plant supervisory staff is only 3 per cent in the average industry, as 
compared with 6 per cent in chemical making. Clerical workers con- 
stitute 8 per cent of the payroll, two thirds of the salaried eraplo^^ees, in 
the average factor^’^, but they are 12 per cent of the payroll in chemical 
industrj^. 

If to these factory employees are added the general administrative, 
research, and sales groups, an even greater deviation from the average b}' 
chemical industry is found. In such technical business, a large per- 
centage have scientific or engineering training; even the sales personnel 
is largely so trained. 

Coproducts. As has been mentioned, much of chemical industry is a 
multiproduct business. A raw material is taken as nature provides it 
and is processed primarily to make one commodity. But there are many 
other components and derivatives obtained from the raw material. For 
greatest efficiency, all must be used. Otherwise there is economic waste. 

A great deal of the chemical research of recent years has been under- 
taken to offset the problems of by-products — or coproducts, as they are 
now more accurately called — and wastes. Kot infrequently, new prod- 
ucts and new services of greater importance have developed. In a few 
cases, processing the old coproduct has become as important as, and 
occasionally more important and more profitable than, the original 
primarv’- activity. 

An important secondary benefit of this type of development has been 
the practical elimination of waste-disposal problems. Chemical industr}’’ 
now contributes no more, and very frequently much less, to the pollution 
of streams, rivers, and harbors than do municipalities themselves. 
Today, as a result of progress in research, it is often profitable, as well 
as socially desirable, to keep waste products out of waten\’ays. 

Obsolescence. Obsolescence of equipment and methods is an operat- 
ing factor that must be reckoned with in the chemical industrj^ to a greater 
extent than elsewhere. With the industry" progressing at its present rate, 
new processes and products and new wav^s of making old products are con- 
tinually emerging from the research laboratories. Existing equipment 
may quite possibly be rendered obsolete overnight. In most cases, how- 
ever, chemical plant equipment is flexible enough in its design to permit 
frequent modernizations without scrapping an entire plant, so that the 
bogey of overnight obsolescence is not as bad as it is sometimes pictured. 
In fact, it is often quite possible and economically advantageous to con- 
vert one process over into another for making an entirely different prod- 
uct, so great is the flexibility of modern chemical engineering design. 
Nevertheless the depreciation rate of most chemical equipment is rela- 
tively high. 

Cost of production. Because of the wide diversity of products, it is 
impossible to give tjqDicai costs of production of chemicals. Aggregate 
raw material and labor costs for the entire industry- aie shown by°the 
following table based on the United States Census classification of the 
chemical industry: 
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TRENDS IN INTERNAL COSTS OF THE UNITED STATES 
CHEMICAL INDUSTRY 


(In per cent of total production.) 


Census Year 

' ~ ' '1 

Cosl of Maienah 

Wages and Salaries 

Other Costs 

1849 

65.3% 

8.4% 

26.3% 

1SS9. . 

65.8 

8.2 

26 0 

1869 

60.4 

9.7 

29.9 

1879 

61.6 

9.6 

28.8 • 

1889 

66.2 

13.1 

30.7 

1899 I 

53.9 i 

14.1 

32.0 

1909 

56.1 

20.1 

23.8 

1919 

62.8 

15.9 

! 21.3 

1929 

52.3 

15.1 

[ 32.6 

1935 

51.1 

15.7 

33.2 


A study of the costs of 29 chemical manufacturers for the year 1938 
was made by the National Industrial Conference Board. The firms 
selected were a representative cross-section of the industry, including 
small and medium-sized companies as well as several very large ones. 
A summary of the results is as follows: 

Total sales realization in 1938 $746,495,169 

Cost of goods and services purchased from others. . . 48.3% 

Wages and salaries. . 27.8 

R^eserves set aside for amortization of fixed and tan- 
gible assets 7.0 

Federal, state, and local taxes 4*8 

Gross profits, including reserves set aside for bad 
debts, insurance, pensions, contingencies, ctc ^ . 12.1 

100 . 0 % 

It will be noted that there is a discrepancy between the percentage 
shown for wages and salaries in the Conference Board report and tliat 
shown in the table above which is based on Census of Manufacturers 
figures. The reason is found in the fact that the figures reported by the 
Census include only the compensation paid to employees engaged in the 
manufacturing part of the enterprise. The Conference Board figure 
includes all compensation whether the employees be in production, sales, 
management, or research. 


Research 

It has been said that technical brains are the most important raw 
material of the chemical manufacturer. No other division of American 
enterprise uses so large a percentage of its employees on research and 
development work aimed at the creation of new products and the improve- 
ment or more economical production of old ones. Research is the life- 
blood of the chemical industry and of individual chemical companies, 
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for without it a company today comfortaidy may tomorrow find 

itself floundering in the wake of it^* more nggiC'^^ive rcscareli-mincled 
competitors. Particularly in the oigmiic field of chemical indu^-tiy are 
the results of planned research evident today in the constant stream 
of new products coming fioin the laboratoric'^, most of them for specialized 
scr\dce in industry, never to be seen by the man in the street. 

A national rc'^earch piojcct sponsored by the Works Pi ogress Admin- 
istration in 193G and 1937 shows that about 300 research woikcrs arc bo 
engaged for each 10,000 pcr‘-ons on the indu^tiy^s payroll. This is ex- 
ceeded only by the petiolouni industry, vhich has come up so rapidly in 
lecent years that it now is the largest emidoyer of chemical and chemical 
engineering graduates. Of 25,000 technically trained men and women 
who liave gone into research work since 1927, more than 40 per cent have 
found employment in the chemical and j^clrolcum industries. 

l\Iuch of the chemical salc^ dollar is paid out in icscnrch. The 193S 
National Industrial Conference Board survey «?hows that 3.3 per coni of 
the gross income of chemical companies was paid out in 1938 for research 
alone In the organic chemical division of the indu^^trj’, the figure ranged 
between 4 and 5 per cent. 

One factor about chemical research that is frequently not understood 
by those unfamiliar witli the industry^ is the time element involved. 
The fruHb of leseaich do not matcralize overnight ISIost major research 
developments require a period of years and many man-hours of labora- 
tory work from the time the idea or problem is first conceived to its 
appearance as a new product or process. After the basic work on Lucitc, 
DuPonPs new crj^stal-clear plastic, was fini«;hcd, it is said that it took 
a whole staff of technical men 5 years to perfect the product and its 
method of manufacture before it was publicly announced in 1937. 


Marketing of Chemicals 


Marketing methods. In many respects, the marketing of chemicals 
is no different than the selling of other industrial goods. By far the 
greater portion of the products of chemical companies is sold directly to 
the industrial user, however, and as contrasted with products sold by 
dealers or at retail, some significant modifications in marketing methods 
must be introduced. 

This dominance of direct selling considerably reduces the cost of 
distribution of chemicals as compared with most types of manufactined 
goods A picture of the way in which 555 chemical producers accom- 
plish the primary maiketing of their goods is shown in the following data 
from the United States Census of Manufacturers, 1935: 


How SoU 

Direct to industrial users 
Through w holesalo branches 
Tlirough wholesalers and jobbers 
Through retail stores 
Direct to household consumers 


yahte of Sales in Dollars 
$ 216 , 591,000 
. 203 , 249,000 
83 , 964,000 
6 , 635,000 
532,000 
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Broadly speaking, the cost of administration and selling of chemicals 
is about 15 per cent of the factory cost. 

Because of the very specialized nature of chemicals, there must be 
closest cooperation between the producer and customer, thus giving rise 
to the necessity for sales engineering and technical service — a distinctive 
feature of this and a few other industries. For this reason most chemi- 
cal salesmen are technically trained, and many have had experience in 
research or production work. Their work as salesmen consists largely of 
showing customers how chemicals can be used profitably in their opera- 
tions, Frequently the chemical company, on the recommendation of its 
salesman or technical-service representative, undertakes cooperative 
research with a customer on problems involved in the use of a particular 
product. The salesman in such cases acts as contact man between his 
own company’s research organization and the customer. 

Advertising and sales promotion have their place in chemical selling, 
but the techniques used are somewhat different than in the selling of less 
technical products. Chemical advertising is used chiefly as a means of 
distributing technical information about the product and its uses. Ap- 
peals to reason and intelligence are vastly more effective in selling chem- 
icals than are appeals to emotion. 

Because one chemical can often be replaced by another or be made by a 
different process, intercommodity and interprocess competition are im- 
portant factors in chemical marketing. Coproducts and waste products 
offer puzzling problems since it is usually necessary to find a balanced 
market in order to spread the cost on an equitable basis. Transportation 
and shipping sometimes cause large items of expense, and may become a 
considerable factor in delivered costs. 

Chemical prices. A gradual but steady decline in prices has char- 
acterized the growth of the chemical industry over a period of years, 
and this has occurred in the face of a constant rise in production costs 
and taxes. Rising costs largely have been offset by improving efiSciency 
in both production and distribution. As far as fluctuation of prices 
within the major trend is concerned, however, chemical prices are more 
stable than those for many other industrial goods and far more stable 
than prices of farm products, foods, and most consumer’s goods. 

Illustrative of the stability of chemical prices is the fact that, even 
during the 1936-1937 inflationary boom, chemicals, as measured by the 
Chemical and Metallurgical Engineering monthly index of chemical 
prices, advanced only 2 per cent between October, 1936, and April, 1937, 
while the general price level rose almost 15 per cent. 

In any discussion of chemical prices it is important to realize that this 
group of commodities includes many individual items which are subject 
to conflicting price influences. These differences between individual 
commodities are probably more pronounced in chemicals than in any 
other major commodity group. It follows, therefore, that a company 
making a wide variety of chemical products will be less affected by price 
fluctuations than a company making fewer or less diversified lines. 
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Source; Chcmkaland .VcMlumeal Enainnn^a (McGraw-Hill Book Company, Inc., Now York). 
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Exports and imports. Chemical industry maintains a fairly close 
balance between imports and exports. In 1936, according to the United 
States Bureau of Foreign and Domestic Commerce, this countrj’ exported 
$151,627,000 \Yorth of chemicals and imported $131,859,000 worth. Thus 
the consumption of chemicals in the United States is about equal to pro- 
duction, and both of tlicsc amounts arc approximately 11 times as impor- 
tant in dollars as arc the goods coming in or going out. 

The principal chemical exports in order of importance arc: industrial 
chemicals; chemical specialties; naval stores, gums, and resins; pigments, 
paints, and varnishes; fertilizers; mcdicinals; and toilet preparations (not 
a strictly chemical group). Imports arc: chemical raw materials, fer- 
tilizers, industrial chemicals, and coal-tar products. 

Sire of Chemical Enterprises 

A chemical company in the popular mind has come to mean a giant 
corporation with far-flung production facilities and numerous laboratories 
full of wliite-clad chemists, While it is true that the three giants of the 
industry" — E I. DuPont dcNcmours and Company, Union Carbide and 
Carbon Company, and Allied Chemical and Dye Corporation — stand out 
conspicuousl}’ among the others, the chemical field nevertheless is com- 
posed largely of small companies. Tliere arc roughly 8,500 chemical 
enterprises reported by the Census of ^lanufacturers, and probably not 
more than 80 of these employ over 500 people. The greatest number of 
the smaller companies are in the drug, pharmaceutical, oil, turpentine, 
rosin, paint, fertilizer mixing, fine chemical, insecticide, and other such 
‘^specialty’^ lines. 

The establishment of small chemical enterprises is favored by the fact 
that most chemical processes have to go through a period of trial and 
gradual evolution from a small beginning to larger, commercial unit 
rodiiction. Every new chemical product must go through these cvolu- 
vionar}’^ stages, which may or may not require much capital, depending 
upon the difficulties encountered. Often the small enterprise will merge 
with a larger company to get the advantage of an established sales 
organization. Sometimes it will elect to expand its own facilities. 

There has been nothing spontaneous about the growth of the chemical 
industry. It has resulted from the planned, aggressive search for new 
products and new markets by the companies comprising the industry. 
Simply because a company made chemicals has not meant that it was 
dragged fom^ard by the achievements of the rest of the industry. 

After the preliminary development stages, the size to which a new 
chemical process can go is pretty much limited by the existing market 
for tlie product. Since the industry is not a consumer goods industry 
but sells to other industries, it is in general not possible to create new 
demand through mass production and lower prices. Success and competi* 
tive survival of large companies in the automobile, appliance, and food 
industries depend primarily on the extent of their facilities and how they 
use them, and only secondarily on the existing demand for their products. 
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To these industries mass production generally means cost saving and 
a new and large market. In the chemical industty, however, mass pro- 
duction maij mean cost savings and special advantage over competitors in 
the established market, but in general not a new and larger market unless 
the products are for ultimate consumers. The point of diminishing re- 
turns, in other words, in determining the size of a chemical plant is much 
more abrupt than in the case of most other industries and is determined 
almost entirely by the existing demand for the product. The program 
for increasing chemical sales therefore, as has been pointed out elsewhere 



OPERATING DIVISIONS 


GENERAL STAFF DEPARTMENTS 


Fig. 4. Organization chart of a typical chemical company. 


in this chapter, becomes one of research to find new products or to find 
new uses for old products. This has been the path of development fol- 
lowed by practically all of the larger companies in the industry today. 


Organization of a Typical Company 

The line-and-staff organization of a medium-sized chemical company 
is represented by the accompanying chart. It will be noted that execu- 
tive control is centralized in a 3-man committee rather than a single 
individual. The members of this committee are relieved of all routine 
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duties, but each is responsible for policy determination and direction for 
a general phase of the business. One oversees financial and sales matters, 
another production and personnel, and the third research and develop- 
ment. This executive committee is responsible to the board of directors, 
and the managers of the operating divisions and heads of ser^dce depart- 
ments are responsible to the executive committee. The widest latitude 
is given to the division managers, so that, in effect, each is running a 
small company of his own with his own production and sales forces. 
The seiwice departments serve all of the operating divisions in their 
various specialized capacities but are responsible to the executive com- 
mittee rather than to the division managers. 

Future Outlook 

It is always fashionable to forecast new eras. Every modern faddist 
envisions a new type of living or new prevailing habits that center largely 
around his own self-interest or fields of activity. Today, however, it is 
neither the chemical manufacturer nor his research man who talks most 
about our chemical future. Popular fancy has been so taken by many 
recent chemical developments that it is the man in the street who tells you 
that America is entering a new sjmthetic chemical era. Or he speaks 
knowingly of a new “plastic age.’' 

Such terms may be more or less justified. As the result of research, 
there are available in this countrj’' and abroad today hundreds of new 
chemical compounds that were entirely unknown 10 or 20 years ago. Or- 
ganic chemical research is such that these materials can now be “tailor- 
made” to fit almost any conceivable requirement for new industrial and 
household applications. Our great and growing family of industrial 
plastics does promise interesting and exciting competition with many of 
the standard materials of today. 

It is, of course, absurd to assume that the new' synthetic plastics are 
going to supplant all natural materials and completely recast the habits 
and living conditions of this country. But it is not a mistake to assume 
that progress in research wull continue at an accelerated pace. In fact 
each new' invention seems to inspire more new' developments. Progress 
is self-catalyzing. One may reasonably forecast, therefore, more and 
more spending for research, more and more new' opportimities for improve- 
ment, more and more new services, and many new^ advantages to the in- 
dustry itself, to its customers, and to the general public. 
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The Paint, Varnish, and Lacquer industry 


The Early History of Paint 

The source of color is light, and reaction to color is practically universal 
throughout the animal kingdom. Color has been developed by man to a 
very high degree. From the earliest times, its use has been general in 
connection vdth religious symbolism, personal decoration, and the orna- 
mentation of habitations. The so-called '^Azilian culture” of the Paleo- 
lithic Age, placed at about 12,000 years ago, is recognized chiefly by 
its painted pebbles; while the remarkable Cro-Magnons, who flourished 
in southern Europe some 15,000 to 20,000 years ago, left numerous 
paintings on cave roofs and walls which still arouse admiration. It is 
interesting to note that some of the pigments they employed are still 
important in the paint industiy — lampblack, ocher, iron oxide, and other 
such materials. Similarly, the “bitumen” mentioned in the Bible is 
closely related to the asphaltum still employed in the manufacture of 
protective coatings. 

The Egyptians used paint extensively for decorative and ceremonial 
purposes, and it is supposed that Greek art derived from that source and 
spread thence throughout the semicivilized world. Greek and Roman 
writers of the classic age — ^Dioscorides, Vitruvius, Theophrastus, and 
others — give us fairly comprehensive descriptions of the materials em- 
ployed, as well as of their sources and uses. It is clear that a rather 
extensive industry had already developed and that many of the raw 
materials in common use today were familiar to the ancient civilizations: 
white lead, red lead, yellow ocher, iron oxide, vermilion, lampblack, and 
so forth. From Rome and Greece the production and use of paint and 
varnish spread throughout the rest of Europe in the track of advancing 
civilization, first for artistic and later for decorative and protective uses. 

Orisin and Development of the American Paint and 
Varnish Industry 

Aboriginal natives used color. The first manufacturers in this coun- 
try were the aboriginal natives. In common with all primitive peoples, 
they employed color in the symbolic decoration of their persons and 
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belongings. They operated mines of iron oxide and yellow ocher, col- 
lected and used the carbon black from smoke, and used clays for white 
effects and the juices of various plants for dyes. The sources of supply 
were localized and widely kno^m. 

Home manufacture of dyes by colonists. The early white colonists 
of the country apparently brought with them no knowledge of paint 
manufacture. It is known, however, that simple materials like wdiite- 
wash and vegetable dyes of home manufacture w*ere in common use and 
that the production of “naval stores,^' including turpentine, was encour- 
aged by the mother country and developed into a highly important indus- 
try. Flax and hemp were also widely cultivated under the same stimulus, 
but apparently no attempt was made in colonial times to extract oil 
from the seed 

Pigments imported from England. Up to the time of the Revolu- 
tion there is no record of any attempt in the colonies to prepare either 
paint or varnish for sale, although it is presumable that private “boot- 
legging’^ of these products occurred. Paint as we know it today w'as 
not available even in England until a much later date, the pigments 
and vehicles being purchased separately and laboriously incorporated by 
the painter, with slab and muller. 'RTiite lead w^as, for a long period, 
the important pigment in use, and the range of tinting colors available 
was limited. 

A glimpse of conditions at the time is given by an advertisement of 
Mordecai Lewis and Company, in the PeuTisylvania Packet, 1772, in 
which it announces the receipt from England of a variety of materials, 
including “linseed oil in casks, white lead ground in oil, red lead and ver- 
milion, and whiting and chalk.’’ That house, which later became one of 
the earliest manufacturers of white lead and later of colors is still operated 
by the same family, under the name of John T. Lewds and Brothers Com- 
pany, and is a constituent unit of the National Lead Company. 

First manufacturer of white lead in America. The first actual 
manufacturer of white lead in America was the firm of Samuel Wetherill 
and Son, which erected a plant in Philadelphia in 1804. The present 
owner of Wetherill and Brother is a member of the same family in direct 
line of descent. The second white-lead plant was also established in 
Philadelphia, by John Harrison, about 1811. The concern later became 
Harrison Brothers and Company and is now a unit of the DuPont 
organization. 


Early grinding of pigments in oil. The grinding of pigments in oil 
'was a rather late development, and it is not definitely knonm when or 
by whom the practice^ was originated. The probability, however, is 
that it was started in New York by the predecessors of John W. Masury 
and Son or Devoe and I^ynolds Company Inc., or by Wadsworth, How- 
land and Company, of Boston — all of whom were manufacturers of oil 
colom for artists and carriage painters. It is knovm that, shortly after 
the Ciml War, John W. Masurj^ and Son produced a full line of tinting 
colors in oil and found great difiiculty in overcoming the prejudice of the 
. fo-s, who were accustomed to grinding their own colors. The ob- 
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vioiis advantage of the innovation, nevertheless, soon overcame the 
inertia of the craft, and all manufacturers veiy quickly followed the 
example set for them. 

First ready-mixed paint. The manufacture of prepared, or ready- 
mixed, paints developed from the practices of dealers who prepared small 
quantities of paint at the request of lay customers. There are several 
claimants to the honor of the first adoption of this practice for com- 
mercial purposes. Jolur Lucas and Company was certainly among the 
earliest, if not the first. This company began the manufacture of a line 
of ready-to-use house paints at its plant in Gibbsboro, New Jersey, in 
1860, but the entire industry very quickly supplied ample competition. 

The total number of paint, varnish, and lacquer manufacturers in the 
United States at this writing is approximately between 1,000 and 1,200, 
and of these not fewer than 800 produce prepared paints of some type, 
industrial or architectural, or both. The present annual output of the 
entire industiy, in paints, varnishes, and lacquers, is valued at about 
§550,000,000. 


The Raw Materials of Paint Manufacture 

The materials of the great masters of painting were for the most part 
manufactured in their own workshops from jealously guarded secret 
formulas. The pigments included many of those used today: white lead, 
red lead, yellow ocher, vermilion, iron oxide reds, arsenical (Paris) green, 
the animal and vegetable blacks, lapis-lazuli blue (later, ultramarine 
and Prussian blues), a variety of vegetable-dye lakes, sepia, and 
asphaltum browns, and later zinc oxide, which first masqueraded as 
'^silver white.” The vehicles generally used were poppy oil, walnut oil, 
linseed and hemp oil to some extent, spirit varnishes, soluble gums, and 
copal varnishes. There was no commercial manufacture on an important 
scale. 

Paint consists essentially of pigments, vehicles, volatile thinners, and 
dryers. The pigments constitute the solid, colored constituents; the 
vehicles, the liquid portion in which the pigments are suspended. The 
thinners increase fluidity but evaporate from the drying film, and the 
dryers provide certain metallic compounds which hasten drying. 


Pigments 

White group. White lead. The commercial production of white lead 
began in Holland some time during the sixteenth century, the process 
having been borrowed, it is believed, from Venetian practice. It was 
introduced into England toward the close of the eighteenth century and 
into the United States a few years later. It is now produced by several 
methods, but that loiown as the “Old Dutch process” retains its prece- 
dence. In outline, all processes depend on change of lead to the acetate 
and then on the action of moisture and carbon dioxide as the basic car- 
bonate, with subsequent grinding, washing, and drying. 
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A large portion of white lead is marketed in the form of a linseed-oil 
paste, called ^^lead-in-oil/^ This paste is prepared by mixing linseed oil 
directly T\dth the wet-press cake. The water is displaced by the oil, 
floats to the surface, and is run off. 

Zinc oxide. The manufacture of zinc oxide on a commercial scale 
was begun in France shortly before the middle of the nineteenth century, 
and in America only a few years later. Two processes are emplo 3 ^ed; 
they are known as the 'Trench process,’’ in which vaporized zinc is 
brought into contact with air at a high temperature, and the "American 
process,” in which zinc vaporized directly from the ore is oxidized in a 
similar manner. '\^nien the ore used in the latter process is associated 
with lead, the vapor of the latter is oxidized to lead sulphate, and the 
product is kno™ as "leaded zinc.” Such pigments are sold under names 
indicative of the lead content. 

Sublimated, or basic sulphate, white lead, which is produced b}’' a 
modification of the zinc oxide process from lead sulphide ores (galenite), 
is also extensive!}^ used. 

Lithopone. Lithopone, a combination of zinc sulphide and barium 
sulphate, is produced b}" the double reaction, in solution, of barium 
sulphide vdth zinc sulphate, with subsequent furnacing, grinding, wash- 
ing, and bolting. The standard product consists approximate!}’’ of 72 
per cent barium sulphate and 28 per cent zinc sulphide. The manufac- 
ture of this important white pigment was started in England about 1874 
but met with little success imtil production was taken up in Germany 
some 10 years later. American manufactui'ers became interested during 
tlie early nineties, and during the past 10 or 15 3^ears its consumption has 
grown to exceed that of any of the other white pigments. A variant of 
this pigment is titanated lithopone, which contains a percentage of 
titanium dioxide. 

Other important white pigments of the same group are high-strength 
lithoponcs, containing a high percentage of zinc sulphide and pure zinc 
sulphide, which has very high opacity. 

Other important white pigments. Other important white pigments 
of recent introduction are the titanium dioxide group, ranging from the 
pure titanium dioxide to various combinations of that pigment with 
barium sulphate or wdth the sulphate or carbonate of calcium. The 
high-color density of these pigments has led to a' steadily increasing 
consumption. 

The rcniaining wliite pigments of an}’' special importance are the 
so-called "inert’* pigments: barites, whiting, and other forms of calcium 
carbonate, various white clays, asbestine, and others. These all find some 
use as extenders, as color diluents, or because of their phj^sical prop- 
erties. Asbestine is a notable example of this latter use, its acicular 
form retarding or preventing the liard-settling of the paint on long stand- 
ing. ^h<^ ^^0 of barites as a diluent of chrome green is standard because 
of the high cost and poor color of that pigment wlien undiluted. 

Colored pigments group. The colored pigments used in paint manu- 
facture cover a very vddc*nGa in respect to source, composition and 
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color. They may be roughly classified as “natural colors/^ “chemical 
colors, “ and “lake, or dye, colors.^ 

Xainral pigvicnis. Tlic principal natural pigments arc the iron-earth 
colors — iron oxides — including ochers, siennas, and umbers. Some of 
these, when lieafcd, take on additional oxj*gcn wdth a change of color. 
The most familiar are umber, wddeh changes from dull green to grccnisli 
brown; sienna, which changes from yellow to a deep brown-red; and 
otliers wdueh change from yellow to red or from a grccnisli browm to a 
clearer reddish browui. The variety of these natural earth colors may be 
realized from the fact that a single manufacturer may offer as many as 
100 of them. 

ramffari red. Allied to the iron-earth colors is Venetian red, wdiich 
is pioduccd by the reaction of iron sulpbalo wdth lime, followed by 
\vnshing and calcination. 

Pumeuia from lend. Besides w’hito lead, the metal lead yields sc^^'cral 
imporlani pigments, which again vary in color according to treatment. 
The mo^'t important of these arc rod lead, the chrome yellows, and orange 
mineral. Heel lead is obtained by the further oxidation of litharge (the 
monoxide). Orange mineral is produced similarly by the oxidation of 
wTiite load. Both operations arc conducted at a low temperature in open 
furnaces. 

Chrome yellow’s arc lend chromates produced by precipitation of a lead 
salt in solution by potassium or sodium chromate, also in solution. Tung- 
sten and molybdenum also enter into the composition of yellow’ and 
orange chromate pigments. 

Quicksdvcr vermilions. The true “quicksilver^^ vermilions (Chinese 
and Engbhh) aie mcrcuiy sulphide, produced cither by precipitation or 
sublimation, but tlicy have been largely replaced by “American ver- 
milion/’ a basic lead chromate now’ used cliicfly in ru.st-inhibitive paints, 
linving been in turn laigely superseded as a color by the aniline scarlets. 

The remaining reds of importance arc almost all in the dye, or lake, 
class. 

* Black. The important blacks arc all chiefly carbon, from the various 
sources indicated by their names — lampblack, carbon black, boneblack, 
graphite, and so forth — the only exception of consequence being iron 
black, or ferric oxide. 

Blues. The important blue pigments are Prussian blue, sometimes 
called “iron bluc,“ ultramarine blue, phthalocyanine blue, and cobalt 
blue Prussian blue is prepared by mi.ving a solution of a salt of ferrous 
iron w’itb a solution of sodium or potassium fcrrocyanide, and by oxidation 
of the wdiite precipitate. Ultramarine blue is a complex product made by 
calcining mixtures of clay, silica, sulphur, and carbonaceous material. 
Phthalocyanine blue is a compound of copper and phthalocyanine. Co- 
balt blue is mainly a cobalt oxide. 

Brown. Tlic pigment browms, excepting the lakes and other dye prod- 
ucts, arc mainly bituminous materials or mineral (iron oxide) colors. 

Chrome green. Chrome green, the most important of this class, is 
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fonnc'i by thr 5 imu 1 irtncou^ ])rccipitarion of Prussian blue ami (*hromc 
yollo^r, Chroiniuni oxide 35 n!?o an iraponniit preen pipincnl. 

JyrJy\ or dye* colors. Tiic Ii?t of lake colors and other pigment? from 
organic dye^ so lone an<i growine so constantly that mere cmimcra* 
lion nvould ovornin the space available for ihis entire chapter* Gen- 
erally, tln'V may be described ns dyes precipitated on or \vith inorganic 
ba^cs to form in-ohiblc, highly colored pigments in a state of fine Mjibdivi- 
sion. Among tlie mo-t nnporuint of them are perhaps the ])ara-nhmn3- 
line, alirarine. btiiol. toluldinc, co-inc* and aro colors; but, as alieady 
stated, the iiurnbci and variety i^ endless, and no attempt at ^per*ific 
df^-enpuon j- practicable. Two, however, require separate mention: 
toluidme-rcd and Tuscan red. The first-named is a brilliant red, widely 
n^r'd ni many forni'^^ and for many purposes. Tlic second is Indian red 
tiron oxide), on which an aniline lake precipitated. 

Vehicles 

The purpose of the vehicle is primari!}* to liold the pigments in liquid 
^u^^j^en-ion so that they ma}* be ap]dicd in a thin, uniform coating. They 
have fonri^'ted mainly of drydng oils, vamiriic>\ and somclimcs. more 
n cently, of synlhciic gum- di^irolvtd in appropriate solvent^-. The latter 
uie of \fry icccni development and are, at this writing, largely in the 
pinctical-ixj^tTiimuital stage. In es-ence, they arc closely allied to Che 
tnuck-tlning iibn of letvni introduction. 

Drying oils. The drying oib mo-t widely mod arc limeed olK tong 
or China v,ood oil, oiticica oil. and pcrilla oil. Tliey *‘dr\*^' partly 
throtmh polynv'^rir.aiion and partly ihroinfij oxidation of tlieir nn^^'aCUratCil 
^a^ty nrid^. 

Lin^<rd oil i- (xpre^^ad fmm Tlie annual United Plates con- 

fumptioji id Iho oil i- approximately r>or),(KjO,0(K) ponnfK. 

Tuta: id\ f \]irc-M‘d from the of the tnng eidtivnted in 
^i^vAhi rn pmvmrc of China nj‘cL during ncent yeann, in our Gulf slatf’-, 

h^uo the rrovring of it v b« :?ui widely adopted. It i- c\ten»-ivfly U’^cd 
v\ Ihe uire of vr.nuda-, paint", and mo-t waterproof 
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of raw oils, so as to insure uniformity in chemical and plij'^sical properties. 

Volatile thinners. The volatile thinners used in paint manufacture 
comprise mainly turpentine, the petroleum naphthas, and coal-tar naph- 
thas. These arc all designated as ^'thinners/^ or “solvents.” Various 
esters, alcohols, and ketones arc used for thinning nitrocellulose lacquers 
and some of the s^mthctic resin coatings. The purpose of thinners is to 
give proper fluidity without an undesirable excess of vehicle. For the 
most part, the}’' evaporate entirely from the film. 

Driers. The driers are metallic salts which stimulate oxidation of the 
drying oil and the consequent hardening of the film. The most impor- 
tant of them are compounds of lead and of manganese or of cobalt and 
arc generally used in the form of their dissolved soaps. Each has dif- 
ferent properties, and they arc commonly used together in varying pro- 
portions. 

Varnish, The raw materials for varnishes include the oils mentioned 
in the preceding paragraphs, natural and synthetic resins, thinners, and 
driers. Examples of natural resins are kauri from New Zealand, congo 
from Africa, manila from the East Indies, shellac fiom India, and rosin 
from the United States. Examples of synthetic resins arc the glycerol 
ester of rosin, alkyd or glycerol phthalnte, maleic acid, plienolic, vinyl, 
and cumarone. Other film-fonning materials include cellulosic deriva- 
tives, rubber derivatives, urea-formaldehyde compositions. 

Enamels. Varnish enamel is an imitation of the original fused 
vitreous enamel used for decorating metal. It was at first a spirit var- 
nish, usually a solution of dammar gum in turpentine, in which the de- 
sired pigment was ground. This still finds some use. Practically all 
of the present-da}^ vehicles are used in enamels according to the prop- 
erties desired. Great fineness and uniformity are required in pigments 
intended for this use. 

Manufdcturins — General Procedure 

Paints. In outline, the manufactmo of paint involves grinding the 
pigments to a stiff paste in the vehicle, mixing the paste with additional 
oil or varnish and the volatile thinner and drier, tinting to the required 
shade with colored pastes, and filling and labeling the containers. All 
of these operations are performed by machineiy. 

Varnishes. The manufacture of oil varnishes involves cooking the 
resin and oil to form a homogeneous, stable system, and then thinning 
with volatile thinner. Driers may be added during cooking or after 
thinning. 

The manufacture of spirit varnishes is simpler, the resin, or film- 
forming material, usually being dissolved by agitating it with a suitable 
volatile thinner. However, many types of spirit varnish require careful 
selection and adjustment of solvents and plasticizers. 

The finished varnishes are filtered or centrifuged and then stored in 
large tanks, whence they are drawn off into cans, barrels, or metal drums 
for shipment. 
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Lacquers. Pyroxylin lacquer consists essentially of a solution of 
cellulose ester in a combination of volatile solvents, with plasticizers 
which insure the permanent flexibility and elasticity of the film. Nat- 
ural and synthetic gums and treated oils are also used in great variety 
according to the purpose of the product. 

The lacquer industry, although it has grown with unprecedented ra- 
pidity, is still in the experimental stage, and with new materials coming 
out of the laboratories will doubtless undergo many changes. In the 
few years since its appearance in its modern form, lacquer has largely 
replaced the older finishes in many fields, particularlj^ in the automobile 
industry. 


The Development of Lacquers^ 

The cease of World War hostilities in 1918 found our American man- 
ufacturers well overstocked with raw materials, ingredients, and finished 
products representing all types of war, materials, for the expectancy of 
the duration of war was at least 3 years' longer than it actually proved 
to be. Our manufacturers of high explosives had great quantities of 
guncotton on their hands. Huge quantities of acetone had been manu- 
factured and used to ship high explosives across the sea, and since for 
the production of every one part of acetone three parts of butyl alcohol 
were obtained by the fermentation process used, and since use of butyl 
alcohol was comparatively insignificant in comparison with that of ace- 
tone, immense stores of butyl alcohol were left. 

During the year 1919 work was done on the reduction of the 'vdscosity 
of nitrocellulose. Up to this time about 6 ounces of nitrocellulose to 
1 gallon of amyl acetate was the usual amount of nitrocellulose to be 
made up in a workable solution. With the reduction of the viscosity of 
nitrocellulose, solutions containing up to 20 ounces per gallon of solvent 
w*ere obtainable. A coating of a desirable thickness could be obtained 
in one or two applications of such lacquers. 

It was not long before the acetylation of but}-] alcohol and the reduc- 
tion of the viscosity of nitrocellulose was under way on a huge scale. 
During the years 1921-1922, there appeared automobiles using the new 
finish, and a large market was thrown open to the manufacturers of 
lacquer. The following year saw research, control, and production in- 
creasing by large volume. New uses for this time- and space-saving 
finish were being found every day. 

Liquids which for many years had been merely museum specimens, 
perhaps mentioned only in almost forgotten theses of graduate chemists, 
became important commercially as solvents for nitrocellulose. Hereto- 
fore, one could have numbered the commercially obtainable solvents for 
nitrocellulose upoiT'ins fiilgers, but now we needed books to number 
them and organic chemists to tell what they were, fermentation, high 
pressure, c atalysts, and various types of organic reactions by which these 

„ section was written by A\W. Van Heuckeroth, lacquer chemist. Institute 
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solvents are manufactured are now the foundation of some of the huge 
industries of this country. 

Residues left in the distillation flask, which caused the sweat and anger 
of many a chemist — ^who, after trying all types of caustic and acid re- 
agents, would be forced to abandon his apparatus — ^v^ere investigated. 
From experience with these residues consisting of condensed and polym- 
erized reagents the research on synthetic resins was instigated Their 
manufacture and sale for replacing many of the irregular and high-priced 
natural gums and resins in the manufacture of lacquer followed in nat- 
ural sequence. Phthalic anhydride-glycerin resins, phenol-formalde- 
hyde, urea-formaldehyde, vinyl acetate, coumarone, and many other 
types of synthetic resins are now on the market. Combinations of syn- 
thetic and natural resins were also made. 

It has long been known that liquids which are nonsolvents for nitro- 
cellulose may be added in certain quantities to solutions of nitrocellulose. 
These nonsolvents, or 'diluents, as they are termed, tend to lower the 
cost of the lacquer and in some cases to lower the viscosity and to 
decrease the rate of evaporation, thus allowing the lacquer to flow out. 
The best materials of this type are the alcohols and the aromatic hydro- 
carbons, benzene, toluene, and xylene. Benzene is not commonly used, 
because of its toxicity, while xylene is such a high boiler that it slow^ 
down the drying time to a large extent. This leaves toluene as the most 
desirable and probably the most used of the three. A number of aliphatic 
hydrocarbons, boiling between 100 degrees C. and 200 degrees 0., for 
lacquer diluents, have appeared on the market. These hydrocarbons are 
very much cheaper than the aromatic, but they cannot be added to 
lacquer in as great a quantity as the aromatics, for in the same quantity 
they will cause precipitation of the nitrocellulose. It is then said of 
them that their dilution ratio is not so high as that of the aromatics. 

. For a number of years camphor was the foremost softener, or plasti- 
cizer, for cellulose nitrate. As long as celluloid was the chief product of 
nitrocellulose, camphor seemed best suited for the process, but when 
cellulose nitrate began to be applied in comparatively thin protective 
coatings, camphor was entirely too volatile and did not fill the place at all. 

Semidrying and nondrying vegetable oils were brought into wider use 
as plasticizers. Methyl, ethyl, butyl, amyl, fenchyl, bornyl, and phenyl 
esters of phthalic acid are now made commercially. Phosphates, tar- 
trates, adipitates, abietates, and esters of heretofore almost unheard-of 
organic acids are now being used as plasticizers an the lacquer industry. 
It was necessary to develop this vast list of compounds, for the use of 
lacquer on paper, cloth, wood, metal, glass, rubber, and other materials 
became quite as vast and even more varied. 

The use of cellulose esters other than nitrocellulose as a protective 
and decorative coating has been held back only by the price of the 
materials and the scarcity of ingredients which will go with the esters. 
We have here a situation parallelling the situation which nitrocellulose 
itself was in before the war. One cannot help but feel that history will 
repeat itself and that, at some time in the near future, the chemist will . 
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find the ways and means of lowering the cost of production and producing 
materials which best suit his needs. 

The modern nitrocellulose lacquers may bo divided into two main 
divisions, according to their mode of application, the brushing lacquer 
and the spraying lacquer. 

Both consist of a nonvolatile portion containing nitrocellulose, plas- 
ticizer, resin, and pigment, a volatile portion containing solvents for 
nitrocellulose and diluent, usually a solvent for the resin. The solvents 
and diluents used in the spraying lacquer have a much higher evapora- 
tion rate than those used in the brushing lacquer. The viscosity of the 
lacquer is regulated for the desired thickness of the film. 

Methods of Packing and Shipping^ 

Inflammable and noninflammable products. From the transporta- 
tion vievqDoint, the products of the paint, varnish, and lacquer industries 
are described individually’' as being inflammable or noninflammable. 
Those products which give off inflammable vapors as determined by 
flash point from Tagliabue's open-cup tester, as used for testing burning 
oils, at or below a temperature of 80 degrees F., are classified as “inflam- 
mable.” Products w^hich yield inflammable vapors only at temperatures 
above 80 degrees F. are designated “noninflammable.” 

The difference in the handling of the two groups in transportation 
arises from the fact that inflammable products are among articles clas- 
sified as “hazardous” and subject to regulations of the Interstate Com- 
merce Commission with respect to packing, packages, labeling, marking, 
and certification; the noninflammable group is handled regardless of 
such regulations. 

Wood versus flberboard boxes. In general, the products of the in- 
dustry^ are distributed in boxed cans and in bulk, in kits, pails, drums, 
and barrels. Wooden boxes continue to be used but are being displaced 
rapidly by flberboard boxes. INIany factors have contributed to this 
change from wood to fiber, chief among which is the saving of space, 
which is important to many paint manufacturers. It requires very little 
manufacturing space to make the material but considerable floor space 
to handle it, and when to that are added storage facilities for the 
assembled w^ood boxes, a considerable area is required. The fiber box 
represents a reduction in the initial cost of the package and, being lighter, 
it represents economy in transportation costs also. From the standpoint 
of efficiency, the fiber package has proved entirety satisfactory. No 
necessary’' element of safety^ has been sacrificed. It is used extensively 
in the distribution of both noninflammable and inflammable products, 
being specifically authorized, subject to defined limitations, in the regu- 
lations published by the Interstate Commerce Commission. 

Bulk goods are generally’’ packed in wooden or steel packages of 
rapacities from 5 to 55 gallons. For products classified as “not danger- 

’This section Tviis TSTitten by E. A. Lcveille, Chairman of the Traffic Committee of 
the paint and varnish industry'. 
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ous,” the choice of packages is unrestricted, and for inflammables the 
packages must meet the regulations prescribed by the Commission as to 
construction, labeling, certification, and so forth. 

Steel and other metal containers. Steel packages arc becoming 
increasing!}' jiopular, and as experience demonstrates their safet}’', thc}^ 
are being increasingly used. Illustrative of this tendency is the order of 
the Interstate Commerce Commission in Docket 3666, effective July 15, 
J931, to eliminate the 5-gallon restriction from specification 5 E (metal 
drums). This will provide an additional container for alcohol, lacquers. 
IhinncTs, and other inflammables ^\’hich can now be distributed only in 
the beaAy returnable drum. These are exceptionally durable and satis- 
factory for many purposes, but there arc situations in the trade more 
satisfactorily met by a container of lighter weight not intended for re- 
peated service. 

For the purposes to which it is adaptable the new package afford:? 
several advantages. First, experience has demonstrated that it provides 
every needed element of safety. Second, the initial cost is less than that 
of the returnable steel drum. .Third, they weigh 30 pounds per drum less 
than the reiurnablc drum, and on 1,000 drums shipiicd there is a 
saving equivalent to the transportation charges of 30,000 pounds of the 
product — a substantial item. Fourth, a lUA’^entoiy in containers 

is avoided Fifth, the transportation costs of return ^^empties” and the 
expense of cleaning, liandling, and accounting is avoided. And sixth, 
it is especially serviceable in export trade. 

Exporting^ 

For the most part, it is possible to sell liquid finishing materials abroad 
in United States gallon measure or fraction thereof. Paste goods usually 
can be sold in pounds, although some exceptions arise from time to time, 
making it necessary to sell in the metric system, or Imperial measure; 
Init as a rule, this is not necessary. Exporting manufacturers should 
endeavor to sell in United States currency or its equivalent. It is usually 
possible to sell in this fashion. 


Packing 

Packing liquids for export is a problem that should be given the 
manufacturer's best attention. There are several can, case, and drum 
manufacturers who are in a position to furnish the manufacturer with 
appropriate styles of packing for overseas shipment. In addition, there 
arc testing laboratories located throughout the United States. which, for 
a nominal fee, can subject the manufacturer's packing to tests which will 
give fairly accurate information as to how their products thus packed 
will survive shipment. 


’Tins section wasAvntten by Ralph Plowman. E. I. DuPont, de Nemours and Com- 
pany. Incorporated. 
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General 

The exportation of finishing materials from the United States is an 
important factor, as indicated by the tabulation shown below of total 
exportation for recent years from the United States of pigments, paints, 
enamels, varnishes, and lacquers: 


Year Value in Dollars 

1935 $ 16 , 344,000 

1936 17 , 789,000 

1937 21 , 555,000 

1938 18 , 655,000 

1939 22 , 761,324 


The late 1920^s saw a considerable advance in exportation from the 
United States as compared with the total exportation from other coun- 
tries, the change being due primarily to the advent of lacquers and the 
educational campaigns carried on by the various export manufacturers, 
either by trained men sent abroad or by advertising campaigns, or a 
combination of both, in an endeavor to convince the prospective user of 
the economy of buying quality products scientifically made for specific 
purposes. However, a large drop in actual exportations took place 
during the world-wide depression, and the recovery in the late 1930*s 
brought the actual exportations approximately to the level of 1925. 

Financing 

The financing of a paint business is in all essentials the same as the 
financing of any other industry, the procedure differing only with the 
character of the enterprise, as with individual ovmership, partnership, 
or with stockliolders* ovmership. 

In the first two kinds of omiership, financial arrangements are usually 
made with local promotors. In the other, common stock alone or both 
common and preferred stock may be issued and sold through the pro- 
moters or through brokerage houses. The larger corporations in general 
are capitalized in this way. In the so-called “mergers, the identity of 
the merged units is usually maintained, and these generally conduct the 
financing of their currrent operations through their local banking con- 
nections. The financing of a new corporation or “merger” in this, as in 
any other industry, is usually effected with the advice and assistance 
of a promoter experienced in such undertakings. 

The market of the industry is more or less seasonal, requiring larger 
suras for current requirements during certain months than during other 
periods. 

Capital invested.^ Statistics showing the amounts of capital invested 
in the paint- and varnish-manufacturing industry, for the Censu*^ years 
from 1859 to 1919, are given in tlic statement shoum on page 553. 

The Manufacturers^ Census for 1899 and prior years covered both 
factory industries imd the so-called “hand-and-neighborhood” industries, 


‘PrtTaml by iho United State- Bureau of the Census 
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whereas those for 1904 and later years were restricted to factory indus- 
tries. Two percentages arc tlicreforc given for 1899, the first being 
based on the total for all factory and hand-and-neighborhood industries, 
and the second on the total for factory industries only. 

Tabi^e I 

CAPITAL INVESTED IN THE PAINT AND VAHNISH INDUSTRY 



FROM 1859 TO 1919 

Per Cent of 


Capital Invested 

Total for All 

Census Year 

in Paint and 

Manufacturing 


Varnish Indxisiry 

Industries 

1850 

$ 2,095,850 

0.27% 

18G9 

... . 13,225,140 

0.78 

1879 

17,333,392 

0.02 

1889 

45,318,146 

0.69 

1899 . . 

. . 00,052,074 

/0.6F 

\0.07^ 

1901. . 

75,480,214 

0.00 

1009. . 

103,994,908 

0.56 

19M , 

. . 129,533,935 

0.57 

1919 

239,775,836 

0.54 

® Conipnrublo with pcroontt\pc8 for curlier ycais. 
^ Coinpnrftblo pcrccntnRcs for Inter ycnia 



It will be noted that the capitalization of the industry increased almost 
300 per cent during the 20-ycar period from 1899 to 1919, whereas the 
corresponding increase in the combined number of salaried persons and 
wage earners was only about 150 per cent. This relatively rapid increase 
in capitalization was due in part directly to the development and mech- 
anization of tlie industry and in part indirectly to the decrease in the 
purchasing power of the dollar. 


Number of Persons Directly Employed 

Table II (page 554) shows the numbers of persons engaged in the man- 
ufactuic of paints and varnishes, as reported for the years 1937 and 
1939, This table, prepared by the United States Bureau of the Census, 
also shows the number of establishments, value of products, and wages 
paid during both years. 

Social and Economic Importance of the Industry 

The paint, varnish, and lacquer industry today stands high in rela- 
tive social and economic importance. It furnishes the decorative and 
protective finish to an infinite variety of surfaces in both the architectural 
and the decorative fields. Billions of dollars are invested in tliis country 
in the building of our great industrial plants and in our homes. If for 
even a comparatively few years these buildings were left without a pro- 
tective covering of paint, they would very rapidly depreciate in value. 
Frame buildings would rot and decay, and corrosion and rust would 
attack the steel structures. 
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Taiiu: II 


SUMMARY FOR THE PAINT, LACQUKH, AND VARNISH 
INDUSTRY FROM 1039 AND 1037‘' 


(Rccaii^-o tlipv arroiint for a iicgliRible fKirtion of the iialionnl 
output, plants uitli annual profluction valuad n< Ick*^ than 
$0,000 have barn excluded fince 1019.) 



in.V) 

JOS? 

Per Cenf of 

J ncTcasc or 
Decrease {-) 

Number of esiablishmcnt*^ 

1,U>5 

1,037 

12.3% 

Sahincil per'^oniieb 

7,262 

10,200 

-2S.9 

Salaries^ ^ ...... 

.$21,005,212 

$21,563,073 

-11.5 

Wage earnorfi (average for tbo ycar)^. . 

22,32S 

2 r>,i:r. 

-11.2 

Wages*" ^ . 

$31,006,715 

$3-1,313.228 

—7.6 

Cos«t of niali'iiab, Fupplie*?, fuel, pur- 
eha'^ed ob'ctne energy, and contract 

, , , 

$215,551,810 

$2fit,3S2,l{X) 

-7.1 

Value of product 

$134,038,751 

Sir)3,8(>j,$0S 

-1.2 

Value .added by manufacture'* . 

$180,383,014 

$189,483,018 

-O.l 


" Xo flala for employees of central nthiuniStrati\o olures are inrhidrd. . 

Profits or losses cannot be calculatcrl from the reii'^us firure** l»ecausc no data are col- 
lected for certain cxpou*<c items, ench as intcie^t, rent, depreciation, taxc*', insurance, ana 
advert isini: , 

‘^The item for wace earners is an a\ernr:e of tbo minilx'rs roporte<l for the Fcvend p'onttw 
of the year and includes Ivitb futl-tiine and part-time ivorUers. The uuot lent obtained n> 
dnidiiiK Ibe amount of waj:es by tbo a\*erai:o number of v.arro earners should not, tberciorc, 
be accepted aa rcpre«entim; (be’nvernpo %vaRe received by full-time x^aKC earners , 

^Equivalent to the value of products less the cost of materials, gupplics, fuel, purcbarca 
electric onerp>% and contract usorlc. 


In factories, a coat of paint protects the machinery', kcejis pipes and 
tanks from lusting and leaking, aids in sanitation (as painted surface? 
arc easier to keep clean) , lightens dark rooms and comerc, decreases 
upkeep costs by cutting down replacements due to deterioration, and in 
a hundred ways lowers costs; while at the same time it increases efficiency 
through better xvorking conditions. 

In the home, paint serv'cs two very important purposes, namely, utility 
and beauty. The achievements of architects and builders, cabinet- 
makers, and decorators would be impossible without the aid and protec- 
tion of paint, varnish, and lacquer. The house that looks sadly run- 
down and old becomes rejuvenated with a fresh coat of shining new paint 
Furniture of diverse surfaces and with all the tell-tale marks of wear and 
hard usage can be made of uniform color and pleasing freshness at the 
cost of little time or expense. 

It has been estimated^ that, if the annual per capita expenditure for 
paint products in the United States is S4.76, the annual economic saving 
per capita through its use may be as high as $28.70. The total annual 

Source: United^ States Bureau of the Census, Preliminary Report, Sixteenth 
^ States (Washington, D. C., 1940), No 1SS18 

Uardner, Henp^ A . The Economics of Paint (New York, November 5, 1931), a 
uaper presented before the American Society for Testing Materials. 
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saving is estimated at $3,445,000,000, the saving through tlie use of paint 
on exposed steel surfaces alone amounting to $450,000,000. 

The paint, varnish, and lacquer industrj' gives employment directlj’ 
to many thousands of Avorkers, and indirectly to many thousands more 
in the painting craft, the chemical industries, and the producers of raw 
materials. Beauty, sanitation, and consen’ation arc its bj^-products ; 
and whatever changes iechnological development may bring, its future 
as a Avhole is secure and promising. 



26 

The Machine-Toof Industry 


introduction 

For thousands of years, up to about 175 years ago, 'v^dlenever metal was 
used it was shaped by hand. Whether in making such simple things as 
hinges and kettles or parts for such complicated contrivances as clocks 
and printing presses, iron and copper and brass and other metals were 
shaped either with a hammer while red-hot or, if cold, with files and 
chisels and similar hand tools. 

However, about 175 years ago, men began to learn how to cut metal by 
means of machinery — in other words, by means of machine tools instead 
of hand tools. This made it possible to fashion metal objects to much 
more accurate dimensions and in much greater quantities than was ever 
possible by hand. 

The ability to make metal products with machines instead of by hand, 
including the making of machinery itself with machines, was one of the 
most important of the revolutionary accomplishments that marked the 
transition into the modern industrial era. It ushered in the greatest 
period of technical advancement and brought tlie world the highest stand- 
ard of living it has yet known. 

Slowly at first, then in increasing tempo as they were perfected, ma- 
chine tools have assumed a more and more vital role in the industrial 
scheme of things, until toda'y it can be said, as Dr. Dexter S, Kimball of 
Cornell University has aptly put it, tliat machine tools are master 
tools of industiy.” 

Machine tools defined. The National Machine Tool Builders’ As- 
sociation defines a machine tool as “a power-driven complete metal- 
working machine not portable by hand, having one or more tool or work- 
holding devices and used for progressively removing metal in the form 
of chips.” Grinding, honing, and lapping machines are included in this 
classification, although the chips removed can be seen only under the 
microscope. 

There are other important metal-working machines, such as presses, 
brakes, metal shears, forging and stamping machines, but these are not 
included in the category of machine tools because they do not remove 
metal in the form of chips. 

Expressed in simple terms, a machine tool is a power-driven machine 
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used to cut or shape metal. In a sense, it may be compared to a lathe, 
a planer, or other woodworking device which produces the leg of a chair, 
for example, by shaping a block of wood to the form desired by cutting 
away the superfluous material. 

Thus a machine tool takes a bar or block of metal, or even a rough 
casting like an automobile-cylinder block, and, by the various processes 
described in the following paragraphs, literally carves or bores the part 
to the shape required The outstanding feature of the machine tool of 
toda}^ is the speed with which it removes metal and the high degree of 
accuracy with which the work is done. In some cases, the permissible 
error is measured in tenths of thousandths of an inch. 

Basic Machine Tools 

The five basic arts. The variety and combinations of machine tools 
in use today are almost unlimited. Tlie tools range in type from a small 
bench device which could easily be set up on a desk to mammoth machine 
toolb weighing from 40 to 50 tons and requiring large space for operation. 

Their functions, however, fail naturally into a classification which may 
be called the “five basic arts of metalworking.” These functions are as 
follows: 

(1) ^Milling, which consists of machining a piece of metal by bringing 
lb into contact with a rotating cutter with multiple cutting edges. (Fig* 
1 ) . 

(2) Planing, which consists of machining a surface b}’’ moving the 
work back and forward under a stationary cutting tool. This classifica- 
tion includes shaping, in which the tool moves in a straight line over a 
stationary piece of work. (Fig. 2 1 

(3) Turning, which consists of shaping a rotating piece by means of 
a cutting tool, thus generating a cylindrical surface. This process is ex- 
emplified by the ordinaiy lathe. (Fig. 3) 

(4) Drilling, or boring, which consists of cutting, enlarging, or finish- 
ing a round hole by means of a rotating cutting tool. This process may 
be effected with either single or multiple spindle machines. In this class 
are included reaming and honing.^ (Fig. 4) 

(5) Grinding, which consists of shaping a piece by bringing it into 
contact with a rotating abrasive wheel. This process may be internal 
grinding (as in grinding a hole) , or external c^dindrical grinding (on the 
outside of a rotating piece) , or surface grinding (on a fiat surface) . The 
process also includes such methods of finishing as polishing, bufiSng, and 
lapping. (Fig. 5) 

Variations and combinations. More than a centurj^ of machine-tool 
development, most of it in recent decades, has resulted in many varia- 
tions and combinations of these five basic machines. There are “broach- 
ing” machi nes, for example, which are like huge files, vnth each cutting 

'Certain special t>T3es of machine tools known as 'horing mills,” in which the work 
is rotated and the cutter is held stationary'’, would be technically classified under tb® 
turning rather than, the boring art. 
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edge a little higher than the one ahead of it. These machines arc essen- 
tially planers but arc particularly adapted to cutting odd-shaped sur- 
faces. There arc milling machines designed particularly for cutting gear 
teeth that arc called “bobbing” machines. There are “turret” lathes, 
■vvliich are lathes so designed that the operator can bring a succession of 
different cutters to the work over and over again, one at a time, to per- 
fomi tlic various operations required. There are “honing” machines, 
which consist of a rotating head bearing abrasive sticks, for extremely 



Fjg. 1. Milling. The parts to be machined are passed back and forth under the 
two cutting wheels, which are rotated at high speed. 


accurate boring of holes; “lapping*^ machines, for extremely accurate 
grinding; and many others. 

In the same way, there are a number of machines that combine two 
or more different operations. There are combination boring, drilling, 
and milling machines, for example, and combination milling machines 
and planers. A turret lathe can turn, drill, and form at one time. 

In addition, there are a number of machines that can make multiple 
cuts, for example, milling machines that finish two top surfaces and one 
side surface simultaneously, and machines that can drill over 100 holes 
at one time, such as those used in machining automobile cylinder 
blocks. Automatic machines that machine the end of a piece of bar 
stock in five different stages simultaneously and then cut it off to the 
desired length are in common use in industrial plants. 
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Importance of machine tools. As is evident from even a quick look 
at some of the most important types mentioned in the preceding para- 
graphs, the vital importance of machine tools in our modern industrial 
civilization can hardly be overestimated. Without machine tools it 
would be impossible to produce commercially most of our everj^’day ne- 
cessities and luxuries. These include not only those products in which 






1^1 






Fig. 2. Planing. The metal parts to be planed are accurately fixed into position 
on what is known as the '^table” of the machine, seen in the foreground. The entire 
table is then passed back and forth under the cutters which the operator is adjust^ 
ing In this way the whole Iine-up of parts is machined at one time. 


metallic parts are obviously essential but also hundreds of others which, 
in their finished form, seem to bear no relation to the machine tool. 

Automobiles, airplaiie|, agricultural implements, bicycles, business ma- 
chines, ships and railroad trains, machinery for construction work, road 
building, mining, and producing petroleum, industrial and domestic elec- 
trical equipment, and hosts of other metallic utilities are produced by the 
machine tool or by machines made on machine tools. 

Forests are converted into lumber and paper and rayon to the sym- 
phony of humming machines produced by machine tools. Food products. 









One may sum it up by saying that, except for the living things that 
natuic reproduces and the stars and planets, everything see around us 
today is either made possible entirely or costs as little as it does because 
of machine tools. 

Take the paper on which this is printed, for example. It may seem 
to bear no relation to metalworking machinery. Yet this paper was 
rolled on a huge paper mill. Like every other kind of a machine, a paper 
mill consists of an assembly of hundreds of individual metal parts — 
from tiny screws that weigh a fraction of an ounce to huge rollers that 
weigh perhaps 20 tons apiece. 
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Eacii one of these parts, small and large, was machined on a machine 
tool. That is, each part was bored, drilled, planed, turned, ground, or 
milled from a larger piece of metal. In this W’ay, we could trace back to 
the five basic machine tools everything we see around us today that was 
ever touched by any kind of a machine. 



Fig. 4. DrilUng (or boring). The part to be machined is held in a work-locating 
dewce called a ‘‘jig," which makes it possible to drill the hole quickly in exactly the 
same location in a number of different pieces 


The Machine-Tool Industry in the United States 

_ Early beginnings of the industry. As a distinct industry, the build- 
did not emerge to any extent until after the Chnl 
\v ar, although its beginnings in America can be traced back to about the 








THE MACHINE-TOOL INDUSTRY 


563 


dawn of the nineteenth century and its beginnings in England and France 
to a s‘omcwhat earlier date. 

Although advanced machine tools weie conceived by a few of the 
geniuses of antiquity — including the famous Leonardo da Vmci — such 
conceptions, brilliant as they were, could not be carried out with the ma- 
terials, tools, and technique of those days. Incidentally, it was the lack 
of machine tools which made it impossible for Leonardo da Vinci and 
other inventors who were far ahead of their time to build certain mecha- 
nisms which actually were entirely practical and wliich would liave ad- 
vanced the welfare of the world greatly could tliey liavc been constructed 
at the time they were conceived. 



Fip:. 5. Grinding, The grinding wheel (under the guard opposite the operator) 
is rotated against the shaft to bo mncliincd. which itself i« turned at high speed 
The white liquid at the point of contact is a coolant. 


Modern machine tools, as we have indicated, were first developed to an 
important degree of prominence about 175 years ago. This was when 
various European shops conceived the idea of driving metal-cutting tools 
by power and built the first successful, though very crude, working units. 

Shortly thereafter, machine-tool building got under way in this countiy 
As early as the second quarter of the nineteenth centuiy, certain manu- 
facturers of firearms, textile machinery, water wheels, steam engines, 
locomotives, and similar equipment developed and built successful ma- 
chine tools for their own use. Soon it was discovered that there was a 
growing demand for duplicates of these machine tools on the part of other 
manufacturing organizations which were springing up in increasing num- 
bers, first on the Atlantic seaboard and later in the Middle West. 

As machine-tool building looked like a profitable “side line/’ these early 
builders began to meet the demand, the firearms manufacturers generally 
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supplying what we today would classify as the smaller '^precision” ma- 
chmeiy, while builders of textile machineiy , engines, and so forth niet the 
demand for heavier t^i^es of machine tools. This led by natural evolu- 
tion to the manufacture of machine tools as a separate industr 3 ^ That 
will explain wh}' the firearm centers of Hartford, Conn., Windsor, Vt., and 
Providence, R. I , won early supremacy in precision machinery', while 
textile-machinery' centers like ^Manchester and l^ashua, ISf. H., and Low- 
ell, iMass., and Philadelphia with its textile machinery and locomotives, 
became noted for their hea^y' machine tools at an early date. 

Very' early in this period of ex'pansion, the new plants gradually found 
their way west to such cities as Rochester, N. Y., Cleveland and Cincin- 
nati. 0., Rockford, 111., and ^Milwaukee, Wis., so that today the industry' 
is fairly well distributed in the northern part of the country between the 
[Mississippi River and the Atlantic Coast. 

In addition to these and the ISTew England cities, other important 
machine-tool centers today are Buffalo, Toledo, Detroit, Indianapolis, and 
Chicago. A few machine-tool plants are also located below the Ohio 
and west of the [Mississippi. Aside from accessibility to consuming mar- 
kets, one of the most important factors which have influenced the loca- 
tion of plants is, of course, the availability of cast iron and steel and of 
skilled mechanics. 

A very' complete history of the personalities and companies involved 
in the growth and development of the industry' 'will be found in Chapter 
XXW of the first edition of this book, published in 1932, to which readers 
are referred for additional details. 

Interchangeable manufacture. The outstanding fact about machine 
tools is that, by producing an endless number of identical parts, they 
make possible what is known as ‘interchangeable manufacture,” or 
what is known in Europe as ‘‘the American system.” Interchangeable 
manufacture, in turn, makes possible mass production. 

Back only a century and a half ago there was no such thing as inter- 
changeable manufacture. Eveiy*thing mechanical, like locks and hinges 
and guns and printing presses, had to be made one at a time. In making 
a knife, for example, the metalworker would first make a blade, then a 
handle to fit that particular blade. If he made two blades and two 
handles at one time, it would be veiy' unlikely that blade number 1 
would fit handle number 2. 

There can be no doubt that the real “patron saint” of the interchange- 
able system of manufacturing was that great American inventor Eh 
Whitney, whose popular fame rests almost entirely upon his widely 
publicized invention of the cotton gin. TWiitney’s invention of the cot- 
ton gin would have an important place in the story of machine tools if 
for no other reason than that it made cotton available cheaply' and in 
large quantities, and this in turn created a demand for a vast amount 
of te:dile machinery, the building of which required more and better 
machine tools. 

But aside fiom that, the cotton gin played another role in the story 
of machine tools. It 'virtually brought Whitney to financial ruin through 
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years of effort to defend his cotton-gin patents against the raids of in- 
fringers. And this, strangely enough, was the powerful incentive for his 
activities in interchangeable manufacture, by which, it is pleasant to 
recall, Whitney recouped his fortune. 

As early as 1717, an attempt was made in France to manufacture fire- 
arms on the interchangeable system; but as far as is known, this was 
a failure. At least, it did not develop to the point of production Of a 
second and much more elaborate effort by French gunsmiths, made in 
1785, there is conclusive evidence in an interesting contemporary letter 
from Thomas Jefferson (then United Stales iNIinistcr to France) to 
John Jay. This letter, dated August 30, 1785, contains the following 
statement: 

An improvement is made here m the construction of muskets, which 
it maj' be interesting to Congress to know, should thay at any time 
propose to procure any. It consists m the making every part of them 
so exactly alike, that uhat belongs to any one, may be used for ever}" 
musket in the magazine. . . . Supposing it might be useful in the United 
States, I went to the workman. 'lie presented me the parts of fifty 
locks taken to pieces, and arranged in compartments. I put several 
together myself, taking pieces at liazard as thc}^ came to hand, and they 
fitted m the most perfect manner. The advantages of this, when arms 
need repair, arc evident ** 

It appears, then, that Thomas Jefferson was responsible for transplant- 
ing the ^interchangeable idea'' from France to America. 

Mass production, which has levolutionized the world, was born several 
years later, when Whitney duplicated the astonishing feat described b}’' 
Jefferson in order to get an important United States Government contract 
for the manufacture of muskets. 

Today parts are manufactined so accurately that an assemblyman in 
an automobile plant can pick up any one of millions of engine valves, 
simply slip it into any valve sleeve of any engine block coming down the 
line, and immediately forget about it. No individual fitting, no filing 
or scraping arc required. The parts have aheady been fitted much more 
accurately than they could possibly be fitted by hand The valves and 
the holes they fit into will not Amiy by more than a fraction of one thou- 
sandth of an inch. This is less than half the thickness of a human hair. 

Before the development of machine tools, manufacturing was dependent 
directly upon the ability of the individual artisan, upon his skill with his 
hands. Today such highly skilled handwork is built into machine tools, 
and machine-tool operators reproduce this skill over and over again by 
simply pushing levers and buttons and turning wheels. 

Thus it is possible for thousands of men and women with just average 
skill and ability to produce parts and put them together to form such 
an intricate mechanism as a telephone (made up of some 240 individual 
parts) or a vacuum cleaner (750 parts) or an automobile (32,000 parts). 
When put together this way, these mechanisms not only work but, it 
should be pointed out, are so inexpensive that the average person can 
afford to buy them 
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Jigs, fixtures, and gauges. In order to appreciate what Whitney had 
to do in setting up his early musket plant, it must be remembered that 
not only was the technique of making jigs, fixtures, and gauges almost 
entirely new but also that every machine tool for making these jigs, fix- 
tures, and gauges — as well as for the actual gun-manufacturing opera- 
tions — ^had to be designed to a considerable extent, and certainly all had 
to be built, by Whitney himself. Furthermore, a large body of workmen 
(he started out with a force of 60 men) had to be trained in the new 
s^^stem. More than that, there were in those days few, if an}^ mechanical 
standards, and these had to be created ^^out of whole cloth^^ as the need 
for them arose It is not surprising that it was about 2 years before 
the project really got underwa}^ from a production standpoint. 

Jigs, fixtures, and gauges, therefore, deserve some explanation at this 
point. They are \'ital to interchangeable manufacturing and also can 
almost be considered as components of machine tools, so closely are they 
related to them. It is significant that jigs, fixtures, and gariges today 
remain in their basic features essentially as originally developed a 
centuiy and a half ago. 

Briefly, a jig is a combination work-holding and tool-guiding device 
used in connection with drilling machines principal^, by means of which 
a machining operation is performed on successive pieces of work to a 
uniform degree of accuracy. The skill of the toolmaker who makes the 
jig is embodied in the jig, and this skill is transferred to every piece of 
work machined in it. Thus no great skill is required of the noachine-tool 
operator himself. 

One of the simplest type jigs is an open-end cast-iron or steel box into 
which holes have been drilled at desired locations. The work pieces to 
be drilled are put into this box one at a time, the box is clamped on the 
drill press, and the operator simply feeds the drill down through the 
holes already cut in the work-holding box. Thus he produces holes m 
the work piece at just exactly the desired locations. Obviously, no 
responsibility for accuracy falls on the operator, whose operations simply 
are: inserting and clamping the work, feeding down and withdrawing 
the drill, and unclamping and removing the work. 

A fixture is a work-locating and work-holding device which, like the 
jig, sometimes embodies tool-locating means. A fixture usually is like 
a vise or a chuck, and it frequently has finished reference surfaces for 
locating tool cuts on surfaces in various planes. As this last statement 
indicates, fixtures most generally are associated with milling machines, 
planers, shapers, slotters, boring mills, and various other ^'surfacing” 
tyq)cs of machine tools. Actually, the distinction between jigs and fix- 
tures is rather vague in the minds of many mechanics, and the names 
are apt to be used together or interchangeably. 

The gauge generally is understood to be a precision measuring device 
designed for a specific purpose, as, for example, checking the length 
of a steel rod machined at both ends. A simple gauge for that purpose 
uould be a U-shaped piece of steel, hardened to minimize wear, with 
the distance between the inside faces of tlie prongs of the U stoned do^’n 
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to the exact length required of the rods to be manufactured* Gauging 
would be accomplished by trying the rods between the prongs. 

While gauges commonly are associated with inspection work rather 
than with production, actually thej^ are used in production work and 
in the setting of cutting tools in machine tools. Certain modern machine 
tools have built-in gauges. From the simple gauges of Eli Whitney^s 
day, whicli used to be fitted to the parts of a ''master gun^^ (as also were 
the jigs and fixtures), this art has advanced treznendousl)’' in the degree 
of accuracy attained and in the adaptation of "laboratoiy physics” to 
machine-shop practice — advanced even to the application of light waves 
to making measurements in millionths of an inch. 

All except the simplest kind of jigs and fixtures — as well as manj’’ spe- 
cial gauges — must actually be designed around the particular parts with 
which they are associated. They arc very expensive to make, requiring 
the services of special designers and highly skilled toolmakers, as well 
as the finest matcnals and toolmaking equipment. It is by no means 
unusual for expenditures to run as high as $100,000 for jigs, fixtures, 
gauges, and certain other special tools in preparation for the manufacture 
of such a tiling as a new model washing machine. 

Life of machine tools. Like everything else, machine tools wear out. 
A very fine, accurate tool-room lathe which has been in use in a tool 
room for 10 years is no longer suitable at the end of that period for 
precision work, in spite of occasional overhauling. It might still be 
acceptable in manufacturing departments where work need not be held 
to such close tolerances or produced with a ver^^ fine finish. After a few 
years more, it would still be an excellent tool for a garage mechanic, 
whose occasional requirements are not exacting. Its productive life is 
long, but i)io machine tool becomes less accurate as it grows old in service. 

Obsolescence reduces the economic life of a machine tool to a fraction 
of its pliysical life. Our rapid development as an industrial nation and 
the improvement in our standard of living are largely due to our will- 
ingness to discard a tool as soon as we can find a better one, whether 
the first is worn out or not. 

It is not economical to keep an old-style machine tool in operation 
when a new tool offers faster production, a better finish, a higher degree 
of accuracy, and perhaps greater safety to the operator as well. It is 
unusual for any design of machine tool to remain standard for more 
than about 7 years. The development of a newer and better machine 
of that type is likely to make it obsolete by that time. 

Development of new designs. Machine-tool builders are constantly 
engaged in the process of research, development, and invention. This 
process is retarded only when they are extremely busy with customers' 
orders. As business declines, it gets proportionately more attention. 

The trend of development in the design and manufacture of machine 
tools has been toward the use of better materials — such as the modern 
alloy steels — and toward greater weight, because it has been found that 
this tends to eliminate vibration, give longer life to the cutting tool, and 
promote greater accuracy. 
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There have been refinements in every part of the macliine. Gear 
teeth today are usually cut from alloy steel, which is heat-treated. The 
teeth are then ground, shaved, or lapped after heat-treating to remove 
any distortion that might be caused by the heat treatment. The shav- 
ing of gears is now carried on to extremely close limits and is a satis- 
factoiy alternative method of manufacturing them. Shafts that rim at 
high speeds are supported by antifriction bearings, and practically all of 
the moving parts of modem machine tools operate in a flood of filtered 
oil. A generous flow of coolant over the cutting tool prolongs its life 
and accuracy. 

Recently, there has been a decided trend toward the simplification'of 
the outline of the machine, so that it can be kept clean more easily. 
Sharp comers, which cause trouble in the foundry, are largely eliminated; 
moving parts are enclosed to protect them against damage. Incidentally, 
the operator is protected against injuiy and his work is simplified. 

The electrical drive of machine tools, which came into common use 
about 30 years ago, not only increases general plant efficienc}’' by elimi- 
nating the forests of belts which used to add to overhead expense and 
cut dovm the light in machine shops but also permits the placing of 
machine tools in the most effective operating positions, since line and 
countershafts need no longer be considered. 

Originally, unit drive was from one motor. Subdivisions of the ma- 
chine, such as the feed mechanism, were connected to the main drive by 
more or less complicated mechanical means. In the latest machine tools, 
however, unit drive has been subdivided electrically, so to speak, by the 
use of separate motors for distinct functions within the machine. Where 
necessary, these separate motors can be synchronized electrically to keep 
different sections of the machine in correct speed relation to each other. 

Electrical control, the development of which has paralleled that of 
electrical drives, has done more than anything else to promote the group- 
ing of various controls at one or more central stations most convenient 
to the operator. Machines which formerly were controlled by various 
levers and knobs wliose location here, there, and ever^’where over the 
machine were dictated by contingencies of mechanical design, rather 
than by the anatomy of the operator and hy convenience in operating, 
now are controlled by one or more neat push-button stations, strategically 
located from the standpoint of efficient use. 

In recent years, there has also been a marked development in hydrau- 
lically operated machinery. This is by no means a solution to all 
machine-tool problems, but the lydraulic operation of certain machine 
parts has proven very satisfactory^ on certain types of equipment. 

There has been a constant effort on the part of the machine-tool builder 
toward the standardization of small tools and attachments, spindle noses, 
chucks, and otlicr parts, and this process is still going on. It is an 
economy for customers, who do not have to carry- so large a line of small 
tools and attachments in stock. But the process involves a great many 
difficulties and is a matter of development over a ])eriod of years. 

In general, the development of machine tools has progressively made 
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it easier for tho operator to produce good 'vswk and made it possible for 
the employer to use men of less skill in the operation of the machine, at 
the same time securing greater output and a higher degree of accuracy. 
In other words, skill is built into niacliines, as we have said. To that 
extent the machines in themselves have become more complex and more 
expensive to build. On the other hand, it is now possible for operators 
without so long a period of training to produce accurate work in sub- 
stantial quantity. This makes possible higher wages and shorter hours 
and better conditions of work, which is one of the great contributions 
that the machine-tool industry has made to the progress of our countr>\ 

Increased production. Although much credit for the American 
leadership in tlie production of machine tools must be given the machine- 
tool builders here, it is also true that, to a great extent, the demands of 
Amcrican-tool n^ers for cutting dov\m costs forced the sweeping improve- 
ments that have resulted. IMetalworking plants in this country, espe- 
cially in tho automotive industry, in order to beat competition, have 
continually established more and more exacting requirements, and they 
have been willing to pay the cost of the improved designs required. 

Results of these improvements in many ways ha^^e been phenomenal. 
Before 1900, chips were cut away from metal at the rate of about Vi pound 
per min\itc. Today, a comparable figure is close to 20 pounds of chips per 
minute. At the same time, accuracy of the work has been increased at 
least tenfold It is possible to shave down a 2-inch bar of steel to a 
diameter of 1.85 inches, to take a typical example, almost SO times faster 
today than at the turn of the century. And the size of the finished 
piece, instead of varying and being ‘*out of round*’ a few hundredths of 
an inci). will be accurate to within a few thousandths of an inch. 

This lias been accomplished, as indicated in preceding paragraphs, by 
increasing the speed and power of the machines and muldng them more 
rigid. This, in tuin, was achieved by a widespread use of antifriction 
bearings, bolter and more widespread use of alloy steels, more accuratoh' 
finished parts, more carefully reinforced castings, better and heavier tools 
and attachments, better lubrication, and the dcA’clopmont of radically 
new cutters of extreme hardness made of the carbides of such metals as 
tungsten, tantalum, and titanium. 

These new cutter materials are sintered mechanical mixtures, rather 
than true alloys, and their hardness is comparable to that of the diamond. 
The}" arc called “cemented” carbides. AVith these new cutters, which 
even today have not as yet reached tlieir fullest use, machine tools can 
race through a chunk of steel at the rate of 300 or even 400 feet per 
minute. On soft metals, such as brass, bronze, and aluminum, they can 
go twice or three times as fast — almost as if the metal were so much 
soap — and still do an accurate job. 

There are important reasons, of course, for machining parts very 
accurately. Obviously, individual parts must be accurately made if 
the whole unit of assembled parts is to work at all. Besides, the more 
accurately parts are made, the more easily and economically they can 
be put together. Ease of assembly, as we have seen, is what makes the 
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system of mass production so successful. Furthermore, the more accu- 
rately parts are made, the more smoothly they 'udll operate. And the 
more smoothly moving parts operate, the longer the)’’ will last. 

Methods of manufacture. In the machine-tool industiy, where a 
typical order calls for just one machine, it is obvious that machines 
cannot be put through in very large lots. It is one of the paradoxes of 
American industr)^ that the manufacturer of equipment for mass pro- 
duction cannot use mass-production methods on a grand scale in his ov»ti 
plant. 

T\Tierever possible, however, the industry manufactures small elements 
like gears, pins, shafts, and levers in quantity and puts them into stock 
These small parts are then dravm out for manufacture into subassemblies, 
which again are put in stock. These, in turn, are drawn out for the 
main assembly as fast as the base, or bed, of the machine comes to the 
asserabl)’ floor. The veiy extensive use of gauges, jigs, and fi.xtures m 
machine-tool plants affords complete interchangeability of parts Every 
operation is followed by inspection in order to detect error.'^ at their 
source and to avoid further work on spoiled parts. 

To obtain further economies certain parts are made interchangeable 
over a range of sizes. Thus one headstock may serve for latlies of 
various lengths, and the same hydraulic feed system may be employed 
on several sizes of lathes. 

In some divisions of the industiy, special machines are developed 
for unusual needs by applying standard units or heads to a welded steel 
base. The use of welded steel eliminates the cost of the wooden pattern 
required when castings are used and makes possible great flexibility in 
the arrangement of the machine. 

Specialization. While there is no monopoh’ in the machine-tool in- 
ciustiy, the tendency in general is for each company to specialize on one 
type of machine and develop it to a high degree. In years past, any 
machine-tool builder would build any tj'pe of machine tool that the 
customer wanted to buy, but a companj- which tried to do that today 
would face in eveiy division of its work the competition of a gionp of 
specialists, which would make successful operation practically impossible 
Competition between machine-tool builders is very keen, not only 
between builders of the same type of machine but also because, on many 
parts, various types of machines can do the work, and it is a close 
question as to what method of manufacture would be best. 

The purchaser’s decision is almost always based on economy in the 
operation of the machine tool, the accuracy required, and the quantity 
of production that the machines will yield under noimal conditions. - 
Management and personnel. IMost machine-tool companies fti'c 
ovTier-mannged. They were started by one man or a small group of 
men who have been brought up in the bu'^iness, who have spent their 
lives in it, and who aie thoroughly familiar vith the varied problem? 
involved, whether it be in purchasing, sales, design, or management. 
Some plants are now being operated by the third and fourth generations 
of the founders’ ovti families. 
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By its veiy nature, the machine-tool industr}" requires personnel of 
the finest type. Its engineering staffs are confronted repeatedly with 
crucial problems which demand a high order of skill and training There 
is no industry in which designing genius and the ability to build effi- 
ciency and sustained performance into machines and equipment is of 
greater importance The service rendered by the machine tools of today 
is ample evidence of the degree to which these groups have fulfilled their 
responsibilities. 

The first concern of the machine-tool industry is accuracy. It is 
obvious, therefore, that workers whose productive time is devoted to 
accurate performance must be men of a superior type — intelligent, thor- 
ough, dependable, and orderly. To these attributes must be added skill 
and training. 

It is a traditional policy in the industry to develop mechanics from 
apprentices or so-called “learners/^ Apprentices are youngsters with 
a high-school background who are put through a definite, well-developed 
course They are shifted from department to department, with the pur- 
pose of developing all-around men from whom foremen, superintendents, 
works managers, demonstrators, and salesmen can be selected. The 
learners are usually men of more mature years who are trained to run 
some particular machine and who therefore become machine operators, 
or “specialists/^ 

Machine-tool mechanics constitute a group of workers which can 
hardly be matched in any other industry. The exacting demands for 
precision and performance in machine tools call forth handicraft of a 
superior order, the hands and brains of the builders are thus developed 
to a high degree, and pride in work is a major attribute of all these 
craftsmen who have given extended seiwice to their industry. 

The large percentage of men in or past middle age or men with many 
years of service in machine-tool plants refutes the contention that there 
is no place in industry for men over forty. 

The machine-tool wor^^er is not of a roving disposition. !Many plants 
have fostered housing plans, and the great majority of the good workmen 
own their own homes, live in communities together, and take pride in 
good citizenship. 

Working conditions and problems. Machine-tool builders have 
aiwaj's maintained a policy of paying wages which compare favorably 
with those paid in any other industry. Working hours are reasonable, 
and the cleanliness, sanitation, and lighting of the plants conform to 
the highest modern standards, as might be expected in an industry’’ in 
which accuracy is a first consideration. Under normal conditions, there- 
fore, the turnover rate of labor is unusually low. 

Extreme variations in the demand for machine tools, however, create 
a veiy difficult personnel problem. The gradual development of higher 
^peed and refinements in the precision of the work make it increasingly 
imporiant to have highi}’’ skilled mechanics available. Under favorable 
conditions, the energies of the industry arc directed to this end through 
intensive training. 
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When business falls off sharply, however, “the machine-tool builder 
maintains, if he possiblj^ can afford to do so, a nucleus of his older, more 
experienced men; but it is sometimes hard for him to retain apprentices 
and learners. After a depression, when business improves, it is very 
difficult to get back the men who have been released. Their training 
makes them desirable for a host of other activities, such as operating 
machine tools in other metalworking plants, repairing automobiles and 
trucks, and similar types of industrial activity. In that way, the 
machine-tool industry has served as a training ground for other industries. 

Variations in demand. In addition to creating a serious personnel 
problem, extreme variations in the demand for machine tools seriously 
affect the industry in other ways. 

All durable-goods industries are subjected to extreme variations in de- 
mand for their products. But because the machine-tool industry ulti- 
mately supplies all the others, this basic industr}^ is probably affected 
more than any otlier. When building up, the demand has a tendency 
to go to a higher extreme in the machine-tool industry’' than in the others; 
and when the demand drops off, it has a tendency to drop off to a 
proportionately lower level. 

T\nien, after a depression, people resume normal buying, the increased 
business is quickly felt by clothing and automobile manufacturers, by 
the building trades, the transportation lines, and other industries. The 
improvement in these industries spells new business for the textile milk, 
the building-suppty manufacturers, tlie railroads, and bus and air-line 
equipment manufacturers. It puts the production facilities of the coun- 
try to work again, and this in turn develops the demand for new and 
improved machinery with which to satisfy the reviving markets. 

But the machine-tool builders are a step further removed from this 
picture. They must wait until the production equipment manufacturers 
feel that their new business, in turn, warrants the buying of new equip- 
ment for their shops. 

Of course, machine-tool builders also suppl}?' many consumer-goods 
manufacturers direct^. But the total effect on the machine-tool indus- 
try, as the country comes out of a depression, is one of suppressed bu3dng 
at first and then suddenly a tremendous demand. 

In the reverse way, the same thing happens when business in general 
starts to fall off. Just as soon as manufacturers anticipate a falling off 
of business, the first thing they do is to cut off the buying of new 
machinery. In order to save cash for the lean days ahead, they get 
along with their existing equipment. And they do not buy new equip- 
ment again imtil they feel the business trend is definitely reversed and 
they are sure that the upward trend will continue for some time to come. 
T*or these reasons, the machine-tool industry is always one of the first 
to feel the effect of a business recession and one of the last to feel the 
effect of a business upturn. 

IMachine-tool builders therefore must manage their business on what 
nught be termed a “peak-to-peak” basis. They must accumulate enough 
reserves from one good period to carrj’ them through to the next. 
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However, in the interest of self-preservation, if for no other reason, 
manufacturers must be continually improving their product. There can 
be no tapering off of engineering development work simply because, 
during a depression period, there are few current orders. As a matter of 
fact, just the reverse is true. There is good reason to push research and 
experimental work more than ever. For as business improves and the 
market for machine tools slowly recovers, there will be an opportunity 
to stimulate this market to greater volume by the offer of vastly improved 
and more productive equipment. 


Machines and the Standard of Living 

Since machines are such an important force in our lives today, no dis- 
cussion of machine tools would be complete without a consideration of 
their social effect. Great industrial development has revolutionized 
living conditions, and as we have seen, machine tools are the “master 
tools” of industry. 

In this connection the most important thing about machines is that 
they enable us to multiply the amount of our day’s work. They make 
it possible for us to turn out many hundreds of times as much work as 
we could possibly produce in the same time by hand. Machines are, 
therefore, first of all labor-saving devices. Machines are means by which 
electricity and steam and metal can be made to do the work which 
formerly had to be done by human muscle. 

Not so many years ago, for example, people threshed grain with hand 
flails. They drew water out of wells by hand and washed clothes by the 
back-breaking process of beating or^rubbing them. But today, modern 
threshing machines and electric pumps and washing machines do these 
jobs for us. In this way machines have eliminated a large part of the 
complete physical exhaustion which, not so many years ago, was the 
normal daily experience of manj^ American people. 

But machines are more than simply labor-saving devices. By making 
possible interchangeable manufacture and mass production, machines so 
reduce cost of manufacture that comforts and conveniences otherwise 
limited only to the wealthy are made available to all. 

Everyone is familiar with thousands of instances of this kind. Trans- 
portation, for example, is no longer a luxury. Today millions of people 
own automobiles that take them quickly and inexqiensively anywhere 
they want to go Today the best in music is available to everyone, not 
only to those who can afford high-priced opera and concert tickets. 
Today, by means of photography, anyone can have his likeness repro- 
duced on paper, not only those who can afford to hire portrait painters. 

But besides putting luxuries into the reach of the average man, 
machines go a step further. They create entirely new comforts and 
conveniences unknown and undreamed of yesterday even by kings. 
Electric lights, iceless refrigeration, moving pictures, typewriters, tele- 
phones — all are common products of machines unknown not so many 
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ycain apo before tlie dcvelopinenl of inaHiine too]*-, The lift could be 
multiplied, of courFO. n tliou«aud tinio'.. 

Machines and Jobs 

^luch nc mnchincF have contributed to nnpiovinp tlic* t-tfindard of 
li%ing, iiov.'cvcr, tliey liave ahvayF been under atlaek. For tin* verj' 
reason that uiaoliinc', emi turn out more v.au-k than can pos-ihly be done 
by hand, and iini)roved maeliine' can turn out even inoie work than the 
earlier dcFipn*- tliey replace, jieoplc have ah', ay*- feared maebint*- atid 
not infrequently have atleinpiid to prevent limr u^e. 

Even before the development of machine iook, of lonp apo a-^ IGGl. 
when a loom v.‘n« set up in Danr.ig that enu!<l weave fioin four to “ix 
web.*; at a time without much more than incidental limnau aid, the 
authoritie? prohibited it's u?e and killed tlie inventt'r 
The word “?abotape'’ come*- from the Frtneh word ‘‘.Falint." which 
moans- wooden *hoe. The story is (lud e.arly fneiory worker.- who ob- 
jected to the introduction of power-wcavinc machine-' wrecked them by 
throwing their wooden shoe? into the new equipment. 

Undeniably, in some cas(? whcic machinery i? introduced there i*- fomc 
temporary technological unemployment, and adju-lmeius- luave to he 
made. These adjustment*- arc made in this way: Machiner}* enablfs the 
manufacturer to offer a better jiroduet at a lower price Bceam'c of the 
lower price, more people can buy tlie product. This iiicre.asc« volume, 
and an increase in volume starts a wave of reemployment which, in many 
notable inst.anccs, bn*: meant the creation of many time.*- the job- initmlly 
eliminated. 

In Paris a few hundred years ago, for example, the qnill penmen rioted 
because printing machinerj- wa*; introduced to rc'place hand copying. 
But printing pre.‘:ses so reduced tlie co-t of tlie written word tliat soon 
many more men rvere required in print sliop^ than had l)'*en emploj’cd as 
penmen. Again in the same indu'-try in America, about dO years ago, 
hand typesetters fought the introduction of linotype machines. ’ But lino- 
tjqies helped make j)o=siblc inexpensive book- and magazines, and so 
increased the volume of printed matter that today there are five times 
as many employed in the printing industry a« in 1S90. 

In many cases, the immediate adjustments that have to be made when 
new machineiy is introduced create a considerable hardship on those 
directly affected. But that is the price of progress And not many 
people want to forego all the tremendous benefits of mechanization be- 
cause of the comparatively few individuals who, as a result, must make 
employment readjustments. Not many wanted to forego the benefits of 
printing, for example, because of the comparatively few quill penmen 
and hand t 3 Tresetters directly affected at the time by the necessary 
mechanization. 

Instead of decreasing emploj-ment, there is plenty of evidence that 
mechanization increases cmplojunent. One need go no further than the 
United States Census figures to see how, over a period of vears, as 
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mechanization has increased, jobs have increased. In 1870, 32.4 per 
cent of our population ^verc gainfully employed. By 1900 this had risen 
to 38.3 per cent, and by 1930, first year of the depression, to 39,8 per cent. 
Census figures for 1940 are not available at this writing. 

Wo have seen how mass production, by reducing cost of manufacture, 
makes available to all commodities that otherwise would be available 
only to the wealthy; also how further mechanization further reduces cost 
and thereby further wddens the market. The result of this is, of course, 
increased employment. Let us look at a few typical examples. 

In 1937, one could buy a much better electric refrigerator for $200 than 
he could one of the same size in 1927 for $400. According to the United 
States Census of Manufactures, the electric-refrigeration industry em- 
ployed 11,000 men in 1927 and 50,500 men in 1937, the year for which 
the latest figures arc available. 

In 1937, one could buy a much better automobile for $900 than he 
could buy m 1927 for $1,200. The automobile industry is one of the 
most highly mechanized of all. Yet employment rose from 370,000 in 
1927 to 517,000 in 1937. 

In 1937, one could buy a much better radio for $40 than he could buy 
in 1927 for $150. Radio is a perfect example of a purely mechanical 
development. There were so few people employed in the industry in 
1927 that they were not listed in Census of Mainifactures Reports, 
whereas, in 1937 the industry employed over 48,000 people. 

In the same way, one could go on and on with other commodities. It 
is estimated that today no less than one out of every three persons em- 
ployed owes his job to an industry that did not even exist in his grand- 
father’s day. One need only glance over the other chapters in this book 
to find these industries and the millions of jobs they have created. 

Machines and National Defense 

It is truly unfortunate that the products of man’s great inventive genius 
and mechanical skill can be used for destructive as well as constructive 
purposes, but so it is. The same equipment that can machine a water 
faucet to help solve man’s age-old problem of getting water into his house 
can also be used to machine a shell. And the same trucks and radios 
and canned foods which have freed man of drudgery that since earliest 
times has marked his living can also be used to wage war. Machine tools 
which are vitally important in peacetime are therefore equally important 
in preparing for war. 

In times of national emergency, the service of the machine-tool indus- 
try in supplying equipment is twofold: (1) to government establish- 
ments, such as arsenals and navy yards; and (2) to the metalworking 
industries mobilized by the government for the production of tanks, 
airplanes, guns, and other munitions. 

All these requirements must be met, along with those of manufacturers 
engaged in normal peacetime pursuits as well. The machine-tool indus- 
try in times of emergency, therefore, is faced with the very difficult prob- 
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ioni of ftirnisliiiif' a trcnioiKiou^Iy iiicrca'-od volmnt of oquipinent. TbN 
require'' ^i7.ab!(' incren-r' m jilnnt laeilitic^ mu! i!ie IrttiniiiKof new .‘■killed 
woikoi's to ojicratc new nuiehirie'- mul exi'-tinK nmeliinc'! for f-ecoiul- .’iivi 
thini-j-Inff operation. Kven,- ic-'-otirce of the machine-tool iruhn'tn’ 
ahvay.« hn!^ hocn pledceii to the jiroduction of f equipment for pre- 

pnroclnei-^, and it lia- idwiiy?: accepted it:? rojicnsihilily in tlii'! eonncctinij. 

From the ''tmuijniint of hu.‘'inc.‘-a and profit, however, the proKre.<-'- ami 
pro^pcrity of the mdu'-tiw' are part and parcel of the noruuil, peacetime 
propac'-'^ and prosperity of the wliole coiintn*. The indn.stry i-' dedicated 
to ihe arts of peace: it>' major objective i.® the production of equipment 
which make? for better, happier living for all. It i® the foundation on 
which nst ;hc giant industries of America that have niadt possible the 
highest standard of living that the world has ever Imown. 
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The Electrical Industry 


Iniroduciion 

The electrical manufacturing industry had its inception in the vision, 
courage, and resourcefulness of a few pioneers ; it grew because it supplied 
something that lightened human toil and added to human happiness. 
The products of this industry have marvelously changed human existence. 

We press a button, and we turn night into day; we throw a switch, 
and the electric motor does our Avork for us. There is scarcely a thing 
that we have or do into which electricity does not in some way enter. 
It has grown to be a great industry, yet its history spans a period of a 
little more than 50 years. 

As a measure of its progress, let us compare the 1882 Edison “jumbo^^ 
generator in the Pearl Street Station, New York, with the 183,333 kilo- 
volt-ampere Westinghouse generator installed in 1935 in tlie Richmond 
Station of the Philadelphia Electric Company. The former was the 
largest generator of its time in the first central station in America; the 
latter represents one of the largest single electrical machines ever built 
and involves many new developments necessitated by its size. 

The early Edison generator produced direct current and was driven 
by a slow-speed steam engine using steam at 120 pounds pressure, the 
Richmond Station generator produces alternating current and is direct- 
driven by the most powerful tandem steam turbine built up to 1940, 
which uses steam at 375 pounds pressure and a temperature of 825 de- 
grees F. The former produced its current at a low voltage, limiting trans- 
mission of the electrical energy to a distance of about 1 mile; this volt- 
age and distance could not be increased. The latter produces current 
at 13,800 volts, permitting distribution within a 25-miIe radius at the 
generated voltage; and this voltage can easily be raised, with trans- 
formers having an efficiency well over 99 per cent, to 220,000 volts or 
more, permitting transmission to points 200 or more miles away. The 
output of the earlier machine would light 1,200 16-candlepower incan- 
descent lamps of its day; that of the latter would light an entire city of 
1,000,000 persons. In the Pearl Street installation it took 8 pounds of 
coal to produce a kilowatt-hour at the terminals of the generator; the 
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Richnaond Station machine produces a kilowatt hour with slightly less 
than 1 pound of coal. 

The steam engine brought about an industrial revolution, but it was 
limited by tlie distance that power could be transmitted by belts and 
shafting. Electricity has furnished the means of transmitting the 
engine’s energj^ long distances by a few wires, so that every city, village, 
and hamlet has power at the turn of a switch. Power is no longer 
“chained to the coal mine and steam engine.” 

Lighting 

Lighting was the first application of electricity that caught the imagi- 
nation in the early days of electrical development.^ 

The tallow candle had succeeded the grease lamp; the kerosene lamp 
the candle; and in thickly populated districts illuminating gas had 
superseded the kerosene lamp. But each left veiy much to be desired. 

The arc lamp. The arc lamp was the first development in electric 
lighting. The writer of .this article well remembers seeing one of the 
earliest arc lights shown by a traveling circus as a curiosity. 

The early lamps were comparatively simple. They had two elec- 
ti'odes made of carbon in the form of rods. These were placed one 
above the other in a vertical position, Tlie tips of the carbons wore 
heated to incandescence by the current as an arc was drawn between the 
upper and lower carbons. These lamps were suitable for outdoor use 
only, and the carbons were consumed at sucli a rate that their life was 
short. One of the main problems of the arc “lighting system was to 
provide the current; Charles F. Brush of Cleveland, Ohio, one of the 
earliest pioneers in arc lighting, developed a generator to do this. 
Ingenious machines and lamps were also built by Waterhouse, Thomp- 
son-IIouston, Hochauser, and others. All were operated on the constant- 
current principle because of the method of connecting many lamps in 
series. This method necessitated a generator for each set of lamps and 
the maximum attainable was about 60 lamps on one circuit. Later, when 
the alternating-current system had come into use, the lamp circuits 
were operated across the terminals of generators or transformers, with 
a number of circuits in parallel so that one generator furnished power for 
many circuits. 

The incandescent lamp. The next step in the development of electric 
lighting was marked by the invention of the incandescent lamp, in which 
Thomas A. Edison took a loading part. This invention was the culmina-^ 
tion of a long series of attempts to produce a source of light which would 

'Workmen digging on the Cornell University campus have unearthed two sections 
of lusty cast-iron pipe, which, on inspection, have been identified as part of the 
conduit laid m 1S76 for the hrst outdoor electric-lighting system in the Western 
Hemisphere It extended from Morrill Hall to Sage Chapel 

Though buried for years, tiie pipe could still perform its original function. The 
copper wire in the center is protected by muslin strips and the surrounding space 
filled with beef tallow 
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be suitable for indoor use and could be connected in parallel across a 
source of low-voltage current. 

About the middle of the nineteenth centurj' various attempts were 
made to produce lamps by heating metals in vacuum. There were no 
results of commercial value because the melting points of the metals 
were too low; furthermore, the source of the electric current was chemical 
cells. AVhen an adequate supply of electric current became available, 
through the development of the dynamo as a mechanical means of 



Fig. 2. Handlers of power These steel giants are three of the four autotrans- 
formers installed in 1939 by the Westinghoilse Electric and Manufacturing Com- 
pany on the power system of the city of Los Angeles. They are the largest ever 
built, cover a ground area of 300 square feet, and are 37 feet high. Rated at 
65,000 kilovolt-amperes, they will step down power from the 275 kilovolt Boulder 
Dam lines to 138 kilovolts ^ 

• producing it, special effort was put forth to produce a commercial 
incandescent lamp. Attention was then directed to carbon and the 
production of a filament from it. Edison, Sa'W^er, and Mann, in this 
country, and Swan and Steam in Europe, produced carbon filaments of 
various raw materials. 

To^ Edison belongs the credit of producing the first complete com- 
mercial lamp. It consisted of a carbon filament in a one-piece gloss 
bulb from which the air was exhausted, and had platinum lead-in wires 
passing through the glass wall of the bulb. It will be interesting to quote 
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here from Harper^s Weekly of January 3, 1880, the impression the incan- 
descent lamp made on a newspaper writer of that day: 

Incredible as it may seem, a little piece of paper which you might 
blow away with a breath gives out the electnc light It becomes no 
more affected, so far as destructibihty is concerned, than platinum— one 
of the most infusible of metals — under the heat of a tallow candle. And 
from this piece of paper is obtained a pure and unadulterated light, a 
globe of sunshine, without deleterious gases, \vithout noxious vapors, 
indifferent to wind or weather, requiring no matches to ignite, giving out 
no smoke or flame, possessing the uniformity and steadiness of the sun 
itself in clear weather, and withal a light cheaper in production than 
the cheapest oil. 

Tungsten filament Ia?nps. The carbon type of incandescent lamp, 
with various improvements such as metallized filaments, persisted for 
many years until the advent of the drawn-tungsten filament lamp, 
W’hich practically superseded it, because of the much higher temperature 
at which the filament could be operated and the higher efficiency that 
resulted. The development of the processes of producing the drawn- 
tungsten wire came from the laboratories of the General Electric Com- 
pany, as did also the gas-filled lamp, another improvement. The 
commercial production of the drawm-tungsten lamp lent a great impetus 
to all kinds of lighting; one special application that might be mentioned 
in passing was the lighting of the automobile, which would hardly have 
been possible without it. 

Mercury vapor lamps. Incandescent lamps, as all other previous 
lighting units, produce light by heating some substance, such as carbon 
or a metal, to the point of incandescence. The higher the temperature 
became, the greater was the lighting efficiency, but most of the energy 
was wasted in the form of heat. The high-intensity mercury vapor 
lamp, first used commercially at the World’s Fair in Chicago in 1934, 
was the first really successful example of a century-old attempt to pro- 
duce light directly by electronic bombardment of gaseous atoms with- 
out passing^tlie energy through an intermediate stage in the form of 
heat. The sodium vapor lamp, introduced about the same time, oper- 
ates on the same general principle with a different type of gaseous 
conductor. 

Both of these lamps have more than twice the illumination efficiency 
of the tungsten lamp. Both give approximately monochromatic light, 
with the advantage of providing greater visual acuity and the disadvan- 
tage of clisiortmg colors. Despite this disadvantage, both of them, and 
particularly the mercury vapor lamp, are being extensively used for 
street lignting, tunnel lighting, and the illumination of factory areas and 
drafting rooms, where color distortion makes no particular difference. 
The mercury vapor lamp has the further advantage that when combined 
with an equal quantity of light from the ordinary Alazda lamps the 
resultant illumination is almost pure white. 

Black light. The so-called “black light” consists of radiation that is 
mostly in the ultraviolet region beyond the range of visibility. The 
lamps can be screened so that there is no visible radiation. 
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Black light has been used to take photograph^? in absolute darkness* 
It is used to excite photoelectric cells in burglar-proofing vaults or 
buildings* the burglar not being able to see that he has interrupted a 
light beam which gives wanting of his presence. It is also used to pro- 
duce light from materials which have been coated with fluorescent sub- 
stances, the object so treated being plainl}’* visible in a room that is 
otherwise dark. Such effects have usually been decorative rather than 
utilitarian. A more practical application would be dark lighting of 
instrument paneh for airplanes and motor cars. The pointers and num- 
bers w’ould be visible but there would be no other light to affect the 
operator 5 pupils, permitting maximum visibility. 

The fluorescent lamp. In 1938, a new type of lamp made its appear- 
ance, using a principle of light generation several times more efficient 
than that of the incandescent filament, with the additional advantage 
of providing cool light. It is the fluorescent lamp, in which the electric 
energy creates a discharge across an atmosphere of ionized mercur}’ 
vapor between electrodes at opposite ends of a long, slim tube. This 
discharge, extremely rich in invisible ultraviolet radiation, is transformed 
into visible radiation by means of special salts, called "phosphors,” with 
which the inside walls of the tube are coated. Each phosphor produces 
its own characteristic color under ultraviolet radiation, making possible 
the production of light in any color including white. Depending on the 
phosphors used as generators of visible radiation* the comparative 
efficiencies of fluorescence over incandescence are as follows^ blue, 60 
times; green, 210; red, 5; white, approximate^ 3. Because of its 
elimination of the heat inherent in incandescent lamps and its ability to 
construct colors in beautiful combinations, the fluorescent lamp has 
already found many applications in home and commercial decorative 
lighting. 

^ The Sterilamp. In a somewhat different field, TVestinghouse recently 
introduced an^ even more revolution ar}^ lamp under the trade name of 
Sterimmp, which produces ultraviolet radiation in the bactericidal band 
of 2,537 Angstrom units. Such lamps, operating on about one third the 
energy required by a 25-w'att household lamp, arc now installed in hos- 
pital operating rooms, where their radiation kills air-bomc bacteria* in 
restax^ants for keeping utensils germ-free, and in meat markets and 
bakeries for retarding mold formation on perishable good‘s The Steri- 
lamp IS also one element in a patented process for the rapid tendeiization 
oi beef now being used by a number of meat packers and large food chain 

cnmnnTiipc: ® 


Early Commercial Stations 

pioneered in commercial lighting through the use 
■^uch 1 =! TTn'Trf ®'^rent generation. Other companies, 

rorrmnn'i ri^ Electric Lighting Company, the Saunmr-iSlann 

u manufactured generators and lamps, 

ca 3 ^, the direct-current system soon met with its limita- 
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tions because of the small transmission distance permitted by the neces- 
sarily low voltage. As a result, extension of lighting could not be secured 
by increasing the capacity of a powerhouse, but meant additional power- 
houses An immediate help was the Edison three-wire system in which 
a double voltage was used across the two outside wires of the system, 
thus increasing the transmission distance. The gain, however, was 
relatively small. 

It can be said of the direct-current system that it furnished a fairly 
satisfactory means of lighting but at an installation cost that limited its 
application to i datively small areas and prevented any extensive use 
of electric current for power purposes. 

Beginnings of Alternating Current 

Such was the situation vhen George Wcstinghousc entered the elec- 
trical manufacturing industiy. In the early part of 1885 there came to 
his notice tl)e invention by two young European engineers of a so-called 
secondaiy generator. This device, now known as a transformer, made 
it possible for the voltage of an alternating current to be raised for trans- 
mission, with a corresponding reduction in the amount of current trans- 
mitted, and then lowered to the utilization voltage at a distant point 
for distribution. 

Air Westinghouse perceived that, if this device should prove prac- 
ticable. a way would be opened for the economical transmission of power 
over long distances He proceeded immediately to investigate this new 
scheme After satisfying himself of its possibilities, he acquired the 
American ])atcnt nglits and began the development of the system. To 
him IS due the credit of introducing alternating current into America. 
It has practically become the universal system for the generation and 
transmission of power, and various devices have been perfected for con- 
verting it into direct current in large or small quantities for those applica- 
tions for which direct current is indispensable. 

The Westinghouse Company 

Air. Westinghouse organized a company, incorporated in 1886, and 
gathered about him a number of young and capable engineers, who 
entered enthusiastically into the development of the new system and, 
through their inventions, left an indelible impress on the industry. 

Among these engineers were William Stanley, whose chief accomplish- 
ment was the development of the transformer, and Oliver B. Shallcn- 
berger, whose outstanding work was the invention and production of the 
alternating-current induction meter, which supplied the new system 
with an accurate means of measuring the energy. 'Nicola Tesla con- 
tributed greatly to the new industry through his patents on the induction 
motor and polyphase system. Albert Schmid stamped his mechanical 
genius on the early apparatus designs. L B. Stillwell produced impor- 
tant regulating devices, and C. E. Skinner developed insulation materials 
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and methods of applying them. C. F. Scott, among other things, origi- 
nated the Scott system of phase transformations. Francis Ilodgkinson 
contributed much in the development of the steam turbine. 

Benjamin G. Larame, in the course of his unique career as an engineer, 
probably did more than any other one individual to develop those ele- 
ments of the alternating-current system that have made it the universal 
sj'stem. He replaced the cut^and-tr\’ methods of building the electrical 
machines by methods of accurate calculation. His work included the 
commercial development of the squiiTel-cagc induction motor, the first 
practical streetcar motor, the main features of which are still in general 
use. He contributed greatly to the improvements in design and per- 
formance of both alternating- and direct-current generators. He devel- 
oped almost single-handed the rotar\" converter for converting alternating 
current into direct current, overcoming numerous obstacles which many 
considered inlierent defects. The single-phase system for steam-railroad 
electrification was also Lamme’s. 

During the time when all these inventions were being developed. ^ 
Mr. Westinghouse was personally" active in promoting and contributing 
to them. 


The General Electric Company 

The General Electric Company was organized in 1892, largely through 
the efforts of Charles A. Coffin, by combining tlie Edison General Electric 
Company with the Thompson-Houston Company. ^Ir. Coffin had 
pre^’iousl3" become financially interested in the American Electric Com- 
pany of New Britain, Connecticut, which was later merged with the 
Thompson-Houston Company of Lynn, J^Iassachusetts. The chief 
products of these companies had been direct-current and arc-lighting 
systems. The Thompson-Houston Company actively took up the 
alternating-current system as its merits became known. 

A number of outstanding men have been associated with the General 
Electric Company. Mr. Coffin excelled in his talent for organization 
and in the promotion of commercial activities. Elihu Thomson was an 
inventor and physicist of note. His original work was vdth arc-lighting 
^sterns 5 later he contributed to the alternating-current sy'stem. 
invented the Thomson wattmeter and also electrical welding by the 
resistance method, which has found extensive use in industry^. He was 
electrician and chief engineer of the General Electric Company" for many' 
yearts, and has made an impress on the industrv in many" way's. 

Charles P. Steinmete ser\"ed the General Electric Company in a 
designing and consulting capacity". ^^His great usefulness was as a 
teacher, and apart from his books, his greatest work was to start the 
G^eral Electric engineers upon the use of proper methods of calculation. 

E. . Bice came to General Electric through the Thompson-Houston 
Company, and became its chief engineer and finally its president. His 
vride technical knowledge was coupled with executive ability", Cummins 
C. Chesney" was one of the pioneers of the industry, and has served his 



THE ELECTRICAL INDUSTRY 


585 


company in engineering and managerial capacities, and the entire in- 
dustiy in outside organizations^ Lewis T. Robinson was active in instru- 
ment development and in engineering laboratory work. W, F. Foster 
was an outstanding designer of electrical machines. H. M. Hobart has 
served as a designer and consulting engineer, and is an author of several 
books. W. L. Emmet took a considerable part in steam turbine develop- 
ment and ship propulsion. 

The larger companies in the industry have continually expanded, 
as the size and variety of devices have increased, to meet the ever-expand- 
ing applications of electricity. The great number of different items 
that they are called on to manufacture, many in small quantities, intro- 
duces problems in production that are quite different from those existing 
where there arc few items and large quantities In one of the largest 
companies of the electrical manufacturing industry there are over 300,000 
individual sales items produced. 

The Allis-Chalmers Company, next in size to the Westinghouse and 
General Electric, has been the result of the combination of several com- 
panies. There are also quite a number of other companies, most of which 
specialize in some particular line of products, such as transformers, 
insulators, motors, and control. They have contributed to a healthy 
competition, and have various improvements to their credit. 


Pioneers 

The electrical manufacturing industry in the United States, as we have 
it today, has exceeded the fondest expectations of the most optimistic 
visionary of the early days. Neither of the two outstanding leaders 
in the development of the electrical manufacturing industry, George 
Westinghouse and Charles A. Coffin, had preAdously been connected with 
electrical enterprises. The interests of ]\fr. Westinghouse had been in 
air brakes, train signaling, and natural gas transportation; his contacts 
were mostly with railroads. IMr. Coffin had been in the shoe manufactur- 
ing business; his contacts were mostly’' with the retail trade of that 
industry. 

The foundation of Mr. Westinghouse's interest was tlie vision he had 
of the possibilities of the electrical transmission of power by alternating 
current. Mr. Coffin envisioned the financial possibilities of furnishing 
electrical equipment and promoting its use. 

Growth By Consolidations 

In the beginning the electrical manufacturing industry was composed 
of many small companies formed by individuals who developed the prod- 
uct, manufactured it under their ovm supervision, and promoted its sale. 
As the stronger companies grew they, in many cases, absorbed the smaller 
ones, until now the business is largely in the hands of a few large corpora- 
tions, It thus comes about that in the more recent years developments 
have resulted from the cooperative efforts of many engineers and from 
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the combined enterprise of trnined PU])ervdsoi\s of arli'^ans who work in 
immense factories equipped with elaborate automatic tools. Sales are 
carried on by a trained personnel scattered throughout a vast territory. 
All these arc coordinated by a management group responsible to the 
stockholders through a board of directors. 

Prominence of Ensinecrlng 

Engineering has been a prominent feature of the activities of the 
electrical manufacturing industry' since its beginning. The nature of 
its product seems to demand it. The industry' is constantly reaching 
beyond the range of experience into larger units, broader fields, and 
special applications. Probabh' no better illustration of tliis can be found 
than the case of the initial Niagara Falls power development, tlie elec- 
trical apparatus of which was built by the 'Westinghousc Company. Pre- 
vious to the Niagara installation, the only complete polyphase sy.stcm of 
generation, transmission, and utilization of power on a comnieroinl basis 
of any considerable size was the Westinghousc installation at the World^s 
Fair in Chicago in 1893, The generators there were 1.000 horsepower. 
The Niagara generators were 5,000 horsepower and of a type never 
previously built; the water wheels were new and the switching equipment 
for controlling the electrical circuits from the generators was much 
beyond any previous experience. The Westinghousc engineers were 
called upon to solve many mechanical as well as electrical problems. 

The effect of the successful performance of the Niagara Falls power 
plant was to stimulate the rapid increase of polyphase plants, both 
hydraulic and steam-driven, throughout the country. This plant has 
been characterized as the beginning of generation of electric power as a 
commodity. According to the 1930 United States Census figures, 25.5 
per cent of the installed capacity of generating equipment for light and 
power in the United States was furnished by hydro units, 74.5 per cent 
by steam and internal-combustion units; of the latter 73.25 per cent were 
steam-driven and 1.25 per cent intemal-combustion-driven. 


Characteristics of the Industry 

A characteristic of the electrical manufacturing industry' has been 
the creation of apparatus before demand. Edison had to promote the 
use of his first lighting sj^stem. Westinghouse developed the polyphase 
system ahead of the demand. 

Two characteristics which were implanted in the electrical industry 
b}’’ the early leaders have been powerful factors in its amazing growth, 
namely constant research for better ways of doing things and mstant 
readiness to scrap the old. In this respect the industry, I believe, has 
a record beyond that of an)^ other. No charge of suppressing inven- 
tions, of delajdng improvements stands against the electrical industry.- 


*From an address delivered to students of Purdue University, Apnl 22, 1925 
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Trends 

While the largo companies ns a rule have their manufacturing plants 
concentrntccl in one location, tljc decided tendency is to locate plant 
extensions for ccrfaiii lines of product in places that arc more desirable 
from a raw material, shipment, labor, or other standpoint. Thus it 
happens that most of the large companies have ])lants at widely scattered 
points. 

There is a noticeable tendency of the electrical manufacturing indus- 
tiy to go into the manufacture of complete pieces of aj^paratus of which 
the electrical equipment is but a part. Illustrations are refrigerators, 
ranges, and other hou'^ehold appliances. 

Xot only must an electrical manufacturing organization produce appa- 
ratus to meet tile immediate requirements for its product, but it must 
nntirijjate new dfunand*^ and develop new lines of products to maintain 
factory pioductiou. 


Transportation 

The electrical manufacturing industry lias left its impress on trans- 
portation by furnishing means for propelling vehicles by electric power 
generated in stationary plants, sometimes at long distances from the point 
of Ui^e. 

Work on a])plying electricitj' to traction was done as carlj^ as 1880 by 
Thoma'^ A. Edison and Stephen D. Field, and in the same year Edison 
operated a small electric locomotive pulling a trail car. C. J. Van 
Depoele experimented in 1892-1893. Ilis cliicf contribution was the 
underrunning trolley. Bentley and Knight initiated the use of an under- 
ground conduit for the conductors Profes'^or Short began cxpeiimenfs in 
Denver in 1884. Daft about this time made an installation on the Union 
Passenger Railway in Baltimore, which was the first to operate regularly' 
for fares. 

First practical street-railway system. F. »T. Sprague, who had begun 
work ns early as 1881, installed in Richmond, Virginia, in 1888, what is 
generally regarded as the first of the modern street-railway s^’^slcms. It 
had an overhead trolley line over the center of the track, reinforced by a 
main feeder conductor. It was operated at 450 volts. Current was col- 
lected by an underrunning contact. Seven and a half horsepower, series- 
wound motors were connected to tlic driving axles by double reduction 
gears, and a series-parallel control was used. Great credit is due Mr. 
Sprague for his pioneer work in this development. Following his inven- 
tions, numerous installations througliout tlic countrj’- rapidlj’^ replaced 
horse-drawn cars. 

Early manufacturers of street-railway equipment. The early instal- 
lations were made largely by the Sprague Company and the Thompson- 
Houston Companjq which had absorbed the Van Depoele interests. The 
Sprague Company wa=5 absorbed in 1890 by the Edi^^on General Electric 
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Company. Westinghouse had begun the manufacture of car equipment 
in 1889. 

Up to this time, all the motor equipments had been double reduction 
and of an open type. This arrangement was veiy noisy and difficult 
to maintain, because the motors were exposed to weather conditions. 
Westinghouse motors were the first ones to have their gears inclosed in 
gear cases. In 1890 Lainme, of the Westinghouse Company”, originated 
a single-reduction gear design which was quite completcl}* enclosed. 
This was put on the market in 1891 and revolutionized traction practice. 
The main features of this motor have persisted to the present time. 

Besides the development of apparatus for the cars themselves, the per- 
fection of devices for changing the alternating current, as universally 
generated, into the direct current required for the street-railway circuits 
has been a large element in the success of street-railway transportation. 
In particular, the rotarj^ convertors have been an outstanding develop- 
ment with results that are largely the personal accomplishment of Lamme. 
The development of the mercury-arc rectifier, without moving parts, has 
received much attention in recent years. Methods of automatic opera- 
tion of substations whereby they are put into operation when a load comes 
on, and put out of operation when the load goes ofi\ have come into vogue. 

Electrical strcct-railwaj’- transportation, both surface and underground, 
has come into veiy wide use with modifications which have been refine- 
ments rather than radical changes. This development has brought about 
the rapid transportation which has made possible immense concentration 
of population into cities, and has greatly changed living conditions. 

Railroad electrification. The electrical manufacturing industry has 
contributed much to hea\y traction, as in steam railroad electrification. 
The steam plants are taken off the locomotives and concentrated in a 
stationary powerhouse, and are replaced by electric motors which receive 
their energy from the power house through overhead conductors or a third 
rail alongside the tracks. Electric drive increases the track capacity, 
contributes greatly to passenger comfort, and improves fuel economy. 

Railroad electrification has received a great impetus in recent years be- 
cause of the concentration of populations and the need of increased trans- 
portation facilities, conditions which it admirably meets. 

Two important systems of electrification. Two main systems of util- 
ization of electricity on locomotives in rail transportation have persisted. 
One of these, originated by Westinghouse, uses alternating current; the 
other uses direct current. 

The alternating- current systems in this country normally use 12,000 
volt trolleys, although other voltages are perfectly feasible. The direct- 
cuiTent systems vary from 600 volts to 3,000 volts on the trolley. 

The alternating -current system In the alternating-current system the 
current, reduced in voltage by passing through transformers carried on 
the locomotive, is used direct on the motors. The locomotive speed is 
controlled by varying the voltage delivered by the transformers. In this 
system, the motors have an inherent variable-speed characteristic; the 
heavier the load the slower the speed. In a modification of this, where 
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constant-speed motors are desired for certain installations, the locomotive 
carries a phase changer '^’hich changes the single-phase current received 
from the trollej^ into polyphase current for the motors. One distinctive 
advantage of constant-speed driving motors is that they can be used for 
regenerative braking on grades by operating as generators and pumping 
energy back into the line. Thus a train going dovm-grade is made to 
assist another train going up-grade. 

Direct-current systems. In one type of the direct-current system, the 
motors are supplied with direct current obtained by converting the alter- 
nating current received from the trolley to direct current by means of a 
rectifier device carried by the locomotive. The speed control is obtained 
by vaiying the direct-current voltage applied to the motors. In the other 
type of direct-current system, the current su])plied to the trolley conduc- 
tor is direct current obtained from the alternating-current distribution 
system by rectifying substations placed at intervals along the right of 
way. The alternating-current trolley has a distinctive advantage in that 
its capacity can be increased without changing the conductor by increasing 
the voltage. Locomotives of the first type have no present-day sig- 
nificance. 


Generation 

The electrical manufacturing industry often has been forced into the 
development of apparatus not of an electrical nature because the ad- 
vancement of the electrical art was dependent upon such development. 
Such a case, revolutionary in nature, was the steam turbine and along 
with it the electrical part, the turbine generator. The steam turbine 
made possible the building of very much larger capacity units with the 
attendant advantages. 

Introduction of the steam turbine. Previous to the development of 
the turbine units, the largest units built, such as the 6,000-kilowatt Inter- 
borough Rapid Transit sets, were slow-speed machines driven by the 
Corliss type of steam engine. The physical size, weight, cost, and floor 
space required indicated that the possibilities of further development 
along this line were very limited. George Westinghouse sensed the possi- 
bilities of the turbine type of steam engine. This had a rotating element 
instead of reciprocating parts, and the exhaust openings were not limited 
in size as in the reciprocating engine, making possible not only greater 
expansion of the steam but also greater volumes. An important advan- 
tage lay in the immense increase in speeds possible. Sir Charles Parsons 
had done pioneer work on steam turbines and had built them in small 
sizes. In 1896 Ivir. Westinghouse secured from him the patent rights for 
the United States. The work initiated soon after that by the Westing- 
house Machine Company on the turbines, and by the Westinghouse Elec- 
tric & Manufacturing Company on the generators, was the beginning in 
the United States of the active development of this type of apparatus. 
The first noteworthy installation in this country was made in 1899, when 
three 400-kilowatt Westinghouse turbine-generator units were installed 
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in the plant of the Westinghouse Air Brake Company, Wilmerding, Penn- 
sylvania, where they continued in operation for 25 years. This was fol- 
lowed in 1900 b)’’ the historic installation of a 2,000-kilowatt set in the 
plant of the Hartford Electric Light Company, Hartford, Connecticut, the 
largest capacity unit in the world at that time. Shortly after the ^Yest'- 
inghousc installation at Hartford, the General Electric Company began 
the construction of two 5,000-kilowatt vertical units for the Common- 
wealth Edison Company, of Chicago. From this time on, tlie develop- 
ment of the turbine type of units was very rapid; Uic sizes were increased 
rapidly, and the performances improved. Both Wcstingliousc and Gen- 
eral Electric were leaders in this field; the Allis-Chalmcrs followed later 
on. A number of smaller companies also engaged in making moderate- 
sized turbines. 

Demand for larger installation. The growth of our cities and indus- 
trial centers has created a need on the part, of the electrical lighting and 
power companies for larger and larger concentrations of power-producing 
apparatus, and this in turn lias resulted in a demand for larger individual 
units. It is interesting to note that today units of more than 1G5, 000- 
kilowatt output arc being designed and built. 

Coincident with the rapid increase in the size? of the prime movers and 
the generators lias come the need for greater steam-producing capacity in 
boilers, furnaces, fuel-feeding apparatus, and condensing equipment, with 
corresponding developments of these. The stokers for fuel feeding have 
reached a high degree of refinement in fuel handling and automatic con- 
trol. They, as well as the condensers, have in part been developed and 
manufactured by the electrical manufacturing industry. 

Since 1930, in addition to higher steam conditions, superposition has 
appeared and the single unit 3,C00-rpm. turbine has been greatly increased 
in capacity. The present type superjioscd turbine is the outgrowth of the 
availability of the high-pressure steam generator. A central station hav- 
ing four 1920 vintage low-pressure turbines could, for example, install 
high-pressure steam generators and a superposed turbine through which 
the total steam would flow on its way to the four old units. Such an 
arrangement is attractive for three reasons: (1) the station capacity is 
increased about 60 per cent; (2) the fuel economy of the new arrange- 
ment is improved about 40 per cent; and (3) the capital investment in the 
old tm'bines is protected for an indefinite period. 

This trend for. greater economy was climaxed with dramatic suddenness 
about 1935 by the purchase of several large superposition turbine gen- 
erator sets. These superposed turbines pass from 1,000,000 to 1,500,000 
pounds of steam per hour, at steam pressures of 1,200 to 1,500 pounds per 
square inch, a density five times as great as the low-pressure turbines 
with which they are in series. The steam temperature is 900 degrees F., 
a temperature high enough to cause the high-pressure blades of the tur- 
bine to operate at a dull-red heat. 

Further application of the use of the steam turbine. Through the 
development of gearing, by which speeds are reduced to slow-speed re- 
quirements, the electrical manufacturing industry has extended the use of 
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the steam turbine to mechanical applications. One such application of 
importance is in ship propulsion, where both the steam turbine and the 
propeller are enabled to run at their most economical speeds. In the 
larger sizes, a very unique method of maintaining the alignment of the 
gears is tlie Melville-McAlpine device built by Westinghouse. Another 
ship-propulsion application is one where the steam turbines drive alter- 
nating-current generators which in turn furnish current to motors which 
drive the propeller shafts. This application is used for large vessels, such 
as battleships, and this type of drive is selected for certain advantages in 
the location of the equipment, in control, and in maneuverability. Di- 
rect-current generators are sometimes driven by steam turbines through 
reduction gears. 
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cnt speeds, and so regulated as to pass the paper tlirough each ul just the 
right speed; or an oil-wcll drill boring a 2-miIc hole into the earth, a feat 
made possible by electric motor drive, 

Steel production, in which the electric drive and control have been 
applied to practically every step from the mining of the ore to the fabri- 
cating of the steel into the frame of a skyscraper, is anotlier illustration 
of the contributions vhich tlie electrical manufacturing industry has made 
to other industries. Strips of steel, from 54 to 72 inches in width, are 
now rolled in the modern continuous hot-strip mills at the rate of 2,100 
feet a minute. To control these mill giants is as easy as driving an auto- 
mobile. 

'^Statistics now show that there is an average of more than three horse- 
power of electrical energy, or the equivalent of thirty helpers, available 
for each American Avorkman.*'^ Earnings of the workman have been 
shown to be in proportion to tlic power per man. 

The following data show that the production of electric energ}" per 
capita in 1920 was only 410 kilowatt-hours, as compared with 994 kilo- 
watt-hours in 1939, or an increase of 142,4 per cent.”* 


Year 

Populatimi 

KRowatt-JJours 
Per Ca^iita 

1920 

105,710,620 

410 

1025 

114,867,141 

572 

1930 

122,775,046 

771 

1935 

127,521,000 

772 

1936 

128,429,000 

873 

1937 

129.257,000 

943 

1938 

130,215,000 

896 

1939 

131,179,000 

994 


Removing of Limitations 

Probably no other industry has developed at critical times so many 
striking improvements that have removed limitations and broadened the 
application of its product as lias the electrical industry’. 

In the beginning, the distribution of power b}" direct current was very 
limited. The alternating current extended the distribution range im- 
mensely. The high frequencies and single-phase circuits used initially in 
alternating current limited it to lighting. A lower frequency and poly- 
phase broadened its application to both lighting and power. Several 
times, the distance alternating current could be transmitted was limited 
because the voltage could not be increased on account of insulation limita- 
tions, only to have these limitations removed by improved forms of insu- 
lation. At present the 288,000-volt line from Boulder Dam to Los An- 
geles represents the highest voltages in commercial use for the transmis- 
sion of power, although voltages of 10,000,000 or more are used in test- 

^ United Stales Department of Commerce Report (Washington, D. C, October, 
1929). 

^Source: Electric Power Statistics, Federal Power Commission (Washington, D- C , 
1939). 
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ing laboratories, and engineers are ready to raise commercial transmis- 
sion voltages whenever tl)cy become economically feasible. 

Limitations to electrical railroad transportation have developed only to 
be removed by now designs and higher voltages. Costs of production of 
electric power liavc been reduced by larger units, which were in turn 
brought about by new designs, as was the case, for instance, in the super- 
seding of the reciprocating engine by the turbine engine. Many devices 
formerlj’- hand-operated have been made automatic by devices of quicker 
and more discriminating action. 

The extensive use of direct current by rectifying alternating current 
from power-transmission and distribution systems was first made possible 
by the development of the synchronous converter. But since 1937 a more 
efficient method of obtaining direct current from alternating current has 
resulted from the development of the Ignitron rectifier. This device 
differs from the conventional multianode tank-type rectifier in its method 
of excitation. By means of an igniter a cathode spot is formed in a 
mercuiy pool at the desired instant in the positive portion of the alter- 
nating current cycle. One of the largest single installations is a 3,000« 
kilowatt, 640-volt unit now delivering current to the New York Central 
Railroad's electric railway system in the heart of New York City. 

The limitations upon transmission systems, imposed by lightning, have 
been reduced by constant improvement in lightning-protection apparatus. 

As a result of intensive lightning research carried out during the past 14 
years, Westinghouse has developed the De-ion protective tube and the 
auto-valve lightning arrester, as well as a completely self-protected dis- 
tribution transformer which is practically immune to lightning attack. 
The De-ion protector permits lightning surges to pass out of the power 
line, but the heat of the lightning on the tube's fiber plug forms insulating 
gases winch prevent the line's normal current from following the lightning 
surge to ground. The lightning arrester performs a similar function by 
means of gaps and blocks of material which is resistant to relatively low 
voltages but offers no barrier to the flow of very high voltages such as are 
present in lightning strokes. During the summer of 1939 a multigap 
arrester, no larger than a quart-size fruit jar, discharged a lightning 
stroke which had a maximum crest of 21,000 amperes. Westinghouse 
engineers were able to measure this particular stroke by means of a 
newly developed lightning recorder known as the ^Tulchronograph." 

The capacity of certain apparatus is limited by allowable heating. 
Capacities have constantly undergone increase by improved methods of 
ventilation. Cooling by hydrogen gas, a better cooling medium than air, 
is moving limitations still further back. 

Personnel Relations 

The electrical manufacturing industry early in its existence appreciated 
the need of many technically trained men in its organizations. As far 
back as the late eighties graduates of technical schools were being given a 
course of special training in the manufacturing plants before they were 
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placed in permanent positions. The number of men taken in from the 
schools and the range of their training have been greatly increased ns 
the industry has expanded, until several hundred graduate.? have been 
employed in a single year by one of ilic larger companies. The men (uc 
trained in various departments, and are finally placed in the departments 
in which the\" arc best fitted to scr\T. Courses arc also provided for 
apprentices, foicincn, and other groups. 

The industry has been a leader in those things which are generally 
designated as personnel rolationsliips, in which both the employes and 
employer join in i)romoting activities which are of mutual benefit. Some 
of tliese are medical attention, sick and accident benefiLs, life insurance, 
and retirement annuities. 

Engineering Societies and Trade Associations 

In 1S84, the electrical engineers of this countiy’ organized the American 
Institute of Electrical Engineers as a clearing house for their common 
problem^- and to promote standardization of engineering practices. 

Latci, in the early years of the twentieth centuiy, various groups of 
manufacturers and engineers were formed, and man}" of these were coni“ 
bined in 1926 into the National Electrical Manufacturers Association. 

The objects of this association, as stated in its constitution, arc to pro- 
mote and further the interests of manufacturers of electrical apparatus 
and supplies in manufacturing, engineering, safety, transportation, and 
other industrial problems; to promote standardization; to collect and dis- 
seminate information of value to its members or the public; to appear for 
its members before legislative committees, Govenimcnt bureaus, and other 
bodies in regard to matters affecting the industiy; to promote a spirit of 
cooperation among its members for the improved production, proper use, 
and increased distribution of electrical appliances; to increase the amount 
and improve the quality of electrical scr\’ice to the public. 

This association forms a common meeting ground for the various inter- 
ests, where problems can be discussed and solutions reached. IMutual re- 
spect and confidence arc engendered; more accurate knowledge of trade 
requirements is secured. It has brought about policing from within 
through self-restraint, rather than through law enforcement by the 
Government 

This association also maintains contacts with other associations 
through joint committees. 

Magnitude of the Industry 

Speaking broadly of the entire industr}", the Electrical World^ says: 

The record is astonishing in magnitude and in rate of growth. Capi- 
tal investment in the industr}’" was $5,740,000,000 in 1910, $12,650,000,- 

' 000 in 1920, and $23,590,000,000 in 1930. In 1910 the revenue or 
income figures were $1,025,000,000, in 1920 more than $3,370,000,000, 

^Electrical World (January 3, 1931), Vol. XCVII. p. 10 
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and in 1930 more than $6,240,000,000. In the first decade named the 
figures more than doubled, and in the second they almost doubled. 

Billions of dollars are beyond human comprehension and the growth 
of the electrical industry is measured better by simply obser^ung the 
present degree of electrification in this country. In light, heat, power, 
transportation, communication, entertainment and other basic elements 
of life, the use of electricity and electrical equipment takes a tangible 
and indispensable form in everyday life and business Even though 
the markets are only touched, the evidence is available to show that the 
electrical industry is a iiecessar}'* support for modern civilization. And 
it should not be forgotten that private initiative and enterprise have 
made these records possible. The structure was built by the men and 
women of the electrical industry". 

It is a bold man who attempts to prophesy regarding the future, but 
there is every reason to believe that electrical manufacturing in the United 
States will continue to offer new developments and products that will 
advance the progress and welfare not of its citizens alone but of the 
whole world. The Electrical World states further:® 

Characteristic of the electric utility industry in its service to the 
nation is the fact that it continues the trend of decrease in cost of 
electricity to the user b 3 ^ cstablisliing a new low of 405 cents per aver- 
age kilowatt-hour for residential service. In 1929 the price was 55 per 
cent higher In the short space of ten 3 ’ears the a'\’’erage residential 
customer’s purchase of energy has inci eased 80 per cent, but his bill has 
increased only 16.4 per cent. The bill has increased only one-fifth as 
fast as usage has increased. 

Possible Future Developments 

Since we know so little about nature’s basic underl 3 ring pimciples, it is 
incredible that an^'one should think of our knowledge of natuial laws as 
an 3 rihing but exceedingly small when compared with tlie vast amount 
listed m the unknown column. This alone should be encouraging for 
the future, for if we can accomplish all that we have with such a poor 
understanding, it is icasonable to expect vastly better results as we ob- 
tain more basic knowledge. 

AAHiile our human limitations may prevent us from seeing very far 
into the future, present developments give us some idea of future ti’ends 
and in what fields expansions are likely to occur. 

In the processing industries, electricity will probably assume an in- 
creasing important role in the way of metering, regulating, and controlling 
numerous phases of new as well as existing processes. Eecent improve- 
ments in electric furnaces and their controls, including the control of the 
atmosphere inside of the furnace as well, indicate various possibilities in 
this field. For instance, heat treatment of steel sheets for automobiles 
by continuous processes in less than 15 minutes has been accomplished. 
In the presence of liighty purified atmospheres, various steels and alloys 
can now be bright-annealed. In conti oiled-atmosphere furnaces, dies 
can be heat-treated without oxidization or carburization, thus eliminating 
subsequent grinding. 


13, 1910), Vol 113, No 2, p. 84. 
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In the broad field of air conditioning, electricity will play an impor- 
tant part, not only in applications requiring power but in the processing 
and treatment of the air itself. Electrical means are now available for 
cleaning and sterilizing air. These new aids in air conditioning, coupled 
with the available services of heating, cooling, and humidity control, make 
it possible to improve man’s living conditions so profoundly that he 
may live in a clean spring or fall atmosphere all the year around in any 
locality. 

Lightningproof electrical systems were but the dreams of engineers a 
few years ago. They are still not a reality, but the day is coming when 



Coui/cs//, ^\'csi^noho^^<ic EIcctuc and a niifaci tiling Compnntj 


Fig. 4. Death trap for bacteria in an air-conditioning sj'stem in this batteiy 
of 40 Westinghouse Sterilamps in a duct sennng the auditorium at the Westing- 
house Lamp Division, Bloomfield, N. J. Dr. Rudolph Nagy, research engineer, 
is sliown fitting a lamp into its special sockets m the duct Efficient sources of 
bactericidal ultraviolet rays, the Sterilamps shown heie were found to kill more 
than 99 per cent of all bacteria that passed through the duct. 

they will be. Much Has been done in this direction; more is yet to be 
done. We now have reason to believe that in the not too distant future 
lightning, once the great disturber of electrical systems, will be eliminated 
as a hazard to power continuity. 

Vast new vistas are being opened by high-frequency electric energy. 
High frequencies, which broadly include everything beyond 60 cycles, are 
already being used for numerous tasks of melting, heat-treating, and 
drying. Packaged raw materials are being dried without opening the 
containers; bearing surfaces of finished engine crankshafts aie being 
given additional hardness by localized heating induced hy high-frequency 
currents. With the rapid developments in high-frequency generators, 
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both of the rotating and electron-tube types, it is not inconceivable that 
all gasoline and Diesel engines, machine tools, and other machines will 
be treated by high-frequency when assembled or partially assembled to 
harden the wearing surfaces. 

The great field of electronics, which is now best known in radio, tele- 
vision, and communication, can be expected to find a greater numlier of 
future applications in the electrical industry, particularly in those fields 
having to do with automatic machine operations, inspection of materials, 
and safety methods. Eecent progress in the development of larger and 
more reliable metal tank tubes indicates that electronics may also be ex- 
pected to play an increasingly important part in electric-power distribu- 
tion, both in transformations and control. 

When we consider that the power consumption in, many small homes 
today is from three to ten times the national average — owing to the in- 
creasing acceptance of electric ranges, water heaters, forced air circula- 
tion, high lighting levels, and other conveniences — ^^ve can expect domestic 
power consumption to double in a reasonable time. This indicates the 
need for an improved low-voltage distribution system as well as rewiring 
of homes. 

Agriculture is another field that has scarcely been touched by the 
electrical industry. In addition to the usual applications of power and 
light, there appear to be many possibilities of applying treatments and 
radiations for the stimulation of plant growth and control of insects that 
now infest grains, plants, and seeds. 

Present researches in nuclear physics in many institutions may result 
in obtaining information that will be just as extensive in its influence on 
the developments in the electrical industry as was the discovery of the 
electron. The production of radioactive substances, through the disinte- 
gration of the atom, may provide a very useful tool. Naturally, one 
thinks of using these radiations instead of tl)e X ray for radiography or 
for radium in the treatment of disease. While they no doubt will be 
used to some extent for such purposes, the possibility of using these radia- 
tions as a means of studying certain atomic reactions and structures may 
be even more useful. For instance, by the use of electrical detection 
methods, it appears feasible to follow the migration of radioactive atoms 
through a metal during heat-treating processes. Similarly, it is possible 
to trace the movement of radioactive substances through a plant or the 
human body and thus learn more about how and where these substances 
are assimilated. In contrast to radium, most of these artificial radio- 
active substances have such a short life that no pei*manent harm is done 
to the human system. 

The present methods of generating electric power are so well estab- 
lished that we are inclined to accept them as permanent. Gradual im- 
provements in present methods have reduced the amount of coal used per 
kilowatt-hour to approximately one fourtli that required 20 years ago. 
While this improvement is indicative of real progress in steam-power 
generation, it is still small when compared with the theoretically possible 
energy that could be gotten from a highly efficient method of energy con- 
version, Fuel efficiency is, however, good enough that the cost of fuel 
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represents only a small part of the cost of generating electricity. It is 
today cheaper to generate power from steam locally than to build ex- 
pensive hydroelectric plants for transmission lines. In fact, it has been 
calculated that, were a feasible perpetual motion machine to be developed, 
it would not be economical to use it if the power plant in which it were 
installed cost 50 per cent more than a modern steam power plant. 



Couriespt Wcstlnghousc Electric and Manu-faciurlng Companv 


Pig. 5. New key to matter’s secrets. Alan’s newest duplicator of nature’s 
radium bombardments, this 90-ton pear-shaped “cannon” at the Westinghouse 
Research Laboratories (East Pittsburgh, Pa.) already mobilizes 4,000,000 volts 
to shoot subatomic particles at tiny targets. Particles hurtle through its 40-foot 
vacuum tube at speeds approaching 100,000,000 miles an hour.- 

Although tliese and many other prospective developments that might 
be mentioned are indefinite and difficult to evaluate, we can look forward 
with the expectation that the electrical industry will continue to grow 
under the stimulation and impetus of new scientific discoveries and ad- 
vances. 
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The Power Industry 


Early History of Power 

Man power. For a great many years after man appeared upon the 
earth, all of his labors were performed by his own muscle. He brought 
mechanical devices to his aid early, however. Perhaps the first concep- 
tion of power transmission was gained by prehistoric man from watching 
rounded stones roll doMmhill, This obseiwation was perhaps made use 
of in devising crude stone wheels, which were fastened to the end of a 
sled for transporting materials. 

It is generally conceded that the great pyramids of Egypt were con- 
structed entirely by manual labor. But while the Egyptians obviously 
had already developed some devices to increase the effectiveness of 
man^s muscle and lessen his burdens, no one has yet been able to learn 
exactly how these huge stones were raised into place. 

In later years, within historic times, mills were developed to supply 
rotating motion from man power. These mills, operated by treadles, 
arc still in extensive use in China, Africa, and some of the remote comers 
of Russia and Siberia. Modern civilization, however, has to a great 
extent eliminated the use of man as the sole physical means of generating 
power. We now employ the worker in guiding parts through machines 
and in directing their operation, but the power of operation is supplied 
by some outside source. 

Animal power. Man, early in his histoiy, domesticated animals and 
employed those of superior strength to assist him with his burdens. The 
elephant, for example, is of great economic importance in the tropics. 
We are familiar also with the extensive use in various parts of the world 
of donkeys, oxen, horses, and mules. 

The horse, a native of Arabia, has been, perhaps more than any other 
animal, man’s faithful servant. Until the last century, the horse supplied 
by far the major part of the power utilized. So dependent, in fact, was 
man upon the horse that, when other sources of power began to be devised, 
their effectiveness was measured in terms of what a horse could do on the 
same job. Thus the unit of horsepower, now in universal use, came into 
being, although it is inteiesting to observe that the value of 1 horsepower, \ 

^ Horsepower is commonly abbreviated p 

599 




600 


THE POWER INDUSTRY 


as ultimately standardized, is considerably less than the effort i^'hich can 
be exerted by the average horse. 

In 1927, working animals supplied 2.5 per cent of the power used in 
the United States. Although mechanical and electrical power is being 
adapted more and more to the tasks found on the American farm, animal 
power is still much in use there. In 1850, oxen accounted for approxi- 
mately 30 per cent of all power developed on the farm, although today 
oxen have practically disappeared as beasts of burden. Nevertheless, 
in 1924, mules supplied 9 per cent and horses 35 per cent of the power 
used on the American farm, the total animal power being equivalent to 
22,000,000 horsepower. 

Wind power. The wind was first used for propelling ships. It was 
later learned that, by proper construction, a fan could be developed which 
would cause the wind to turn machinery, and contrivances like the wind- 
mill came into use. But because of its unreliability and, for mills of large 
size, feebleness, wind power never became standard. In 1927, the wind 
supplied only one tenth of 1 per cent of the power used in the United 
States, and most of this was generated for the farm. 

Water power. That energ^^ was available in a stream of falling water 
was learned early in history. This energ}^ was not taken advantage of, 
however, until the eighteenth century, when water wheels were developed. 

The early water wheel. The first water wheel was a simple, flat pad- 
dle, similar to the wheel of a Mississippi River steamboat. This wheel 
was placed in a flowing stream, where the velocity of the water caused it 
to turn. It was later discovered that more energy was available in a 
swift stream than in a sluggish stream, and that maximum energy was 
obtained if the paddle wheel was placed in a waterfall. 

Improvements were made in tlie flat water wheel when it was found 
that more power could be developed if the weight of the water as well as 
its velocity was taken advantage of. For this reason, the flat paddles 
were replaced by curved buckets. Thus the buckets, filled at the top and 
discharged at the bottom, caused the wheel to turn by tlie weight of the 
water. This type of wheel was called the “overshot wheel. Two other 
t^’pes of wheels developed were tlie “breast wheel” and “undershot wheel.” 
The breast wheel received the water on the upstream side and passed it 
underneath; the undershot wheel was merely a more efBcient design of 
the original flat-paddle wheel. 

Hydraulic txirbmes. Early mills were located along streams or at 
waterfalls, so that the energj^ from these natural sources could be used. 

The wastefulness of the water wheel and its general poor adaptability 
to large poiver outputs led to the development, in 1804, of the first hy- 
draulic turbines. Turbines have now almost entirely replaced the old 
water wheel. 

A hydraulic turbine is distinguished from a water wheel in that it is 
entirely enclosed. Water is taken from above the fall or dam into a con- 
duit or head race, ns shown in Figure 1. After passing through the 
turbine, the water is discharged into the tail race through a closed draft 
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tube or — depending upon the design of the turbine — through an open 
flume* 

Three general types of turbines are in use today: the reaction, or 
Trancis, turbine; the impulse, or Pclton, turbine; and the propeller-type 
turbine. In the reaction turbine, the weight of the water, or static head, 
is only partially transformed into velocity, thus leaving pressure between 
the case, or stationary part of the turbine, and the runner, or moving 
portion. The reaction pressure thus developed causes the turbine to 
accelerate. 

The impulse turbine derives its energy entirely from the velocity of the 
water, for the static head is completely transformed into velocity. As 
the name indicates, the jet of water issuing from the nozzle clcA^elops an 
impulse 021 each bucket of the wlicel. 



rig. 1. Airplane view of Vernon Dam, Connecticut River. 


The propeller-type turbine is really a modification of the reaction, or 
Francis, runner. By flattening out the blades and omitting the shroud 
around them, the propeller runner has the appearance of the propeller of 
an ocean steamship. A recent development is the adjustable blade run- 
ner, whereby the pitch or slope of the blades can be adjusted either manu- 
ally or automatically, according to the load being carried. These blades 
are pivoted in the center, whcie they fasten into the shaft, and by a 
turning to the proper angle for the load being carried, the efficiency of 
the turbine can be maintained at the maximum for practically the entire 
range from no load to full load. 

In 1869, water power accounted for 50 per cent (1,150,000 h.p.) of the 
power used in the industries of America. The water wheels at that time 
were all mechanically connected to the machinei’y to be driven, either 
through belts or through line shafting. Water power was first used to 





602 


THE POWER INDUSTRY 


drive an electric generator in 1882, at Appleton, Wisconsin. This initial 
plant could generate only about 40 h.p 
Inherently, the old water wheel was a horizontal machine. The mod- 
ern hydraulic turbine, on the other hand, works best as a vertical ma- 
chine For a number of years after the adoption of vertical turbines, 
electiic generators weie still of the horizontal type, being beltod to the 
turbine or geared through large bevel gears. Later, satisfactory vertical 
generators were developed, so that modem machines have the generator 
on the same shaft above the turbine. (See Figure 2.) Owing to the 
slow speed of hydraulic equipment as compared with other classes of 
prime movers, hydroelectric generators are large in diameter for their 
capacity. 



Fig. 2 12,550-KV-A , water-wlieel-driven A-C generators with surface air coolers, 

automatic control, and circuit breakers 


The principal features of Boulder Dam and its powerhouse, at present 
the largest electrical plant in the world, are shown in Figure 4. A dia- 
giam showing the utilization of hydro power as contrasted with other 
kinds of power in the United States today may be found on page 603. 

Steam power. Ordinarily credit for the development of steam power 
is given to James Watt, and the general public thinlcs Watt discovered 
the force of steam as a small boy, when watching his mother^s boiling tea 
kettle raise the lid. As a matter of fact, steam engines vere in use long 
before AYatt^s time. However, great credit is due this eminent engineer 
for impoitant improvements on the steam engine which brought it within 
the realm of practicability. 

lleron^s steam turbine. The first recorded use of steam for motive 
power was made b 3 " Heron, of Alexandria, in his elcmcntaiy tin bine, built 
in 150 B c. Tins was purely’' an experimental proposition, for sufficient 
power to perform an^" work could not be developed with the small device. 
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Oddly enough, the principles on which this early turbine was based, 
although they lay unused for centuries, are employed in certain classes 
of steam turbines used toda 3 ^ Heron’s turbine consisted of a hollow 
sphere, or boiler, supported at either side by bearings. Two pipes, bent 
at right angles, opened to the atmosphere from the boiler. Upon heating 
the water in the boiler, the steam generated would pass through the two 
pipes, and its impingement on the atmosphere caused the rotary motion 
of the first steam reaction turbine. ^ 

First practical steam engines. Perhaps the credit for the first useful 
steam engine should be given to Edward Somerset, second Marquis of 
Worcester, who, in 1663, described in London a reciprocating piston oper- 
ating like a pump. Somerset’s descriptions were, however, rather vague 



Fig 3. Sources of the eneigy supjily of the Unilcd States in 1939. including that 
deiived fiom work animals, windmills, and firewood (Mineral fuels as ^lown in 
the Minerals Tea; Book, 1940, page 7S9, with water power at prevailing fuel equiva- 
lent of electiic power plants ) 


and incomplete. The first commercially successful steam engine was 
demonstrated before the Royal Society of England bj’ Thomas Saverj^, 
in 1699. Sir Isaac Newton, it is interesting to note, was president of the 
society at the time. 

Mention should be made here also of Dr. Denys Papin, who, in 1690, 
developed the present boiler safety valve and first conceived the idea of 
bringing the exhaust pressure down to a vacuum by cooling the engine 
cjdinder. Papin’s ideas and other improvements were put into use by 
Thomas Newcomen, and until Watt’s time, the Newcomen engine was 
used extensivel 3 \ 

All of these early engines caused a niston to operate in one direction, 
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the return stroke being obtained by gravity or by the application of steam 
to the opposite side of the piston. In both operations, valves turning 
the steam off and on had to be manipulated manually. Everyone is 
familiar with the storj' of the small boy, Humphrey Potter, whose duty 



From **Dcscrtptxon of Boulder Dam** published by ilie C7, 5". Bureau of Reclamation 


Fig. 4 Boulder Dam and power plant. This drawmg shows ho\^ Boulder Dam 
w'orks The Ne\ada \Nall of Black Canj^’on of the Colorado Ri\er is sho\\'n solid, 
but the Arizona wall has been cut avray to reveal the intake to\s ers, the spillway, the 
penstock pipes, and outlet •\\oiks. Inside the Nevada wall of the canyon a similar 
set of diversion works has been placed Principal dimensions are shown. 

The powerhouse, here showm dwarfed in the bottom of the canyon, is a city block 
long and as high as a 20‘Story building. In it ultimately will be mstalled 15 gener- 
ators of 82,500 kilovolt-ampere capacity and 2 of 40,000 kilovolt-ampere capacity. 
An idea of the comparati\ e capacities of the 15 big generators ma 3 ’' be obtained from 
the fact that the small ones are about as large as any others in the world. 

The tunnels originalb' used to divert the Colorado River around the dam site 
during the period when Boulder Dam was under construction, now are used in the 
penstock and outlet system for the greater part of their lengths They have been 
plugged upstream from the points at which the continuously useful outlets enter 
them, as can be seen m the drawing. 

it was to open and shut the valves of an engine operating in a. mine. In 
1713, Potter, who tired of his job and w’anted to go fishing, rigged up a 
set of cords and attached them to the beam of the engine, causing the 
valves to operate automatically. Thus the first valve gear was devel- 
oped. 
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Inventions of James Watt Then, in 1763, James Watt, an instrument 
maker of Glasgow, was impressed while icpainng a Tsewxoraen engine 
with the great w^aste of steam caused b}' the alternate cooling and heating 
of the engine C3dinder This observation led to tlic development of his 
own engine, in which he attempted to keep the cjdindcr alw’ays at the 
same temperature as the incoming steam, first by insulating it with a 
wood covering and later jacketing it with live steam. Watt also 
caused the condensation of the exhaust steam to take place in a vessel 



Caurics^, Untied States Department of the Interior, Bureau of Redamatton 
Fig 6 laitial installation at Boulder Dam. 
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separate from ll)C engine cylinder and, by the application of cold water 
outside or a jet within, took advantage of the pressures below atmospheric 
pressure. Thus was developed our modern condenser. 

Wattes early efforts arc typical of a poor inventor struggling for recog- 
nition with insufficient resources. It was not until he became associated 
with a wealthy manufacturer, !Matthew Boulton of Birmingham, that he 
met with the success upon which his present fame is based. 

Modern steam engines. Later developments of the steam engine 
lu'oughi about the compound engine, wherein the steam passes through 
two or more cylinders before it finally exhausts to the atmosphere or to 
the condenser. Thus, by the limiting of the temperature changes in any 
one cylinder, greater economies arc made possible. 

The most modern development in steam engine design is the uniflow 
engine. As the name implies, the steam always moves in the same 
direction — ^that is, the exhaust valves are at the opposite end of the 
cylinder from the inlet valves. This gives the minimum of heating and 
cooling in the cylinder, and affords the maximum economy to be expected 
from the steam engine. 

Steam turbines. In the latter part of the nineteenth century, engi- 
neers began to develop a substitute for the steam engine in an effort to 
produce greater economies and larger sizes. The steam engine had been 
built in sizes around 7,500 kw.“ Such a machine was so massive as to 
become almost unwieldy. Ileron^s original idea Avas dcA^eloped, and the 
fii-bl commercially practical steam turbine was made by Parsons in Eng- 
land, 

>Steam turbines, like water turbines, are of two types — ^tiic impulse 
and the reaction — named according to the way they utilize the energy in ' 
the steam. Most modern turbines have both impulse and reaction stages. 
In the turbine, the full expansh^c effect of the steam is taken adA^antage 
of, and inasmuch as there is a steady flow of steam ahvays in the same 
direction, there is no alternate heating and cooling. The absence of this 
objectionable factor is conducive to great economies. 

Inherently, the steam turbine is adaptable to high rotative speeds, 
omaller sizes operating at 3,600 r.pan.,^ as contrasted with the old Corliss 
engine speed of 90 r.p.m. This factor enables the turbine to be built in 
verj^ large units, requiring the minimum of floor space. Capacities as 
high as 220,000 kw. have been installed in a single unit 

In 1875, steam engines supplied 60 per cent of the power used in in- 
dustry in America. The peak of usefulness of the steam engine was 
readied in 1900, Avlien this type of prime mover supplied 82 per cent of 
the power for industrial plants. Prom this time on, the steam engine 
gradually gave Avay to the more modern steam turbine, until, in 1925, the 
engine Avas supplying only 58 per cent and turbines 28 per cent of the 
industrial poAver. In the central station, which will be taken up later, 
the steam engine has been almost entirely replaced by steam turbines. 


’Kilowatt is (jommonly abbreviated ‘'kw/^ 
’Revolutions per minute is commonly abbreviated 
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For small loads, however, the economics of the turbine are not so marked, 
and the engine is still extensively used in the industrial plant. 

The progressive improvement in the use of steam as a prime mover, as 
indicated by the amount of coal necessary to produce 1 honsepoweiMiour 
of incclianical energy, is shomi in Fignie 7. 

InternaFcombustion power. In 1678, Hautefcuillc discovered gun* 
powder. The force which could be dcvcloi)ed by an explosion of this 
material was a maiwel of the age. !Many years afterward this cx])losivc 



Fig, 7. This chart, based upon that of Professor R. H. Thurston of Cornell Uni- 
versity in the Transactions oj the American Society of Eixgineers, 1900, shows the 
amount of coal required to produce a horsepower-hour by various devices since 1712. 
Though not shown, almost as mucli credit for increased fuel economy is due to 
boilers as it is to engines 


force was put to work in driving a piston back and forth in an engine. 

Otto's engine. In 1864, Dr. Nicholas Otto, of Germany, invented the 
first internal-combustion engine. Dr. Otto’s sputtering engine was dem- 
onstrated at the World’s Fair in Paris, in 1876, and this new source of 
power caused much discussion. Vaporized oil fuel was intermittently 
exposed to the surface of a hot tube, and the explosive effect delivered 
power to the piston. Modem engines use an electric spark to ignite the 
fuel, and the automobile engine as now developed is essentially the same 
as the machine invented by Otto. Indeed, the cycle under wdiich the 
gasoline engine operates still bears tlie name of Otto. Like most in- 
ventors. Dr. Otto struggled tliroughout his life for recognition and died 
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when the world was just beginning to recognize the importance of his 
invention. 

The gasoline engine is admirably adapted to the use to which it has 
chiefly been put — ^that is, to drive motor vehicles. Its ease of control, 
light weight, economies in small sizes, and the fact that it can be started 
upon a moments notice are the most important advantages. However, 



Ccnirtesy, Btisch-Sulscr Bros.-Dicscl Engine Company 


Fig. S Fust Diesel engine built in United States and first Diesel to be put in 
commercial service in the world. Completed by Adolphus Busch at St. Louis, Mo., 
in September, 189S. 

it is not adaptable to large units, and for this reason more than for any 
other, the gasoline engine has never been used to generate power, except 
when small sets are used for emergency servuce. 

Diesel C7igine. In 1895, Dr. Rudolph Diesel, another German, de- 
veloped the internal-combustion engine which bears his name. This 
engine is much heavier than the Otto engine. Air is introduced into the 
cylinder and compressed to a very high pressure. The exertion of this 
pressure raises the temperature of the air to a high degree, and at this 
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point oil fuel is injected into the cylinder, where tlie liiRh teropcratiirc 
of the air ignites it. 

The Diesel cycle is inoie efficient than tlic Otto cycle. In fact, the 
Diesel engine is the mo^^ efficient prime mover that has yet been de- 
veloped. It has its limitations, liowever, the paramouni disadvantage 
being its poor adaptability to the giant sizes possible with steam units. 
About 4,000 h p. is the largest Diesel that has b<^en built. This is the 
limit of practicable size, since larger units involve piston dinincters too 
great for efficient cooling. As a rule, a Diesel plant can generate encrg>" 
cheaper than a steam plant in ca])acities under 10,000 kv,\ Above this 
capacity, the steam plant has the advantage. 

In 18S9, there was derived only 8,930 h.p. from all internal-combustion 
engines installed in manufacturing plants in the United States, but by 
1927 this capacity had grown to 1,233,853 h.p. In 1899, inicrnal-combus- 
tion engines constituted 1.3 per cent of the prime movers in American 
industry; electric motors operating on purchased power con-itituted only 
1.8 per cent. In 1929, according to the last tabulation of factor}' power 
by the United States Census of JIanufacturcs, internal-combustion en- 
gines constituted 3 per cent of the total, while electric motors operating 
on purcha.sed power supplied 53 per cent. Both of these increases were 
at the expense of steam, the installation of wliich in factories decreased 
from 82 per cent in 1899 to 40.5 per cent in 1929, and of water power, 
which decreased from 14.5 per cent of the total in 1899 to 3.6 per cent 
in 1929. 

Electrical power. The first engines were used entirely for pumping 
water. Early water wheels were attached directly to tlic mill to be 
driven. For a long time, all machines were fastened directly in this 
manner. But the complexity of industr}* and the inconvenience of aU 
ways locating the machinery exactly at the source of the power required 
that some system of pover transmission be developed. Shafting, belts, 
pulleys, and gears were devised. But these mechanical methods of power 
transmission have their limitations, their efficiencj' depending on the dis- 
tance f from the source of power to the place where the power is used) at 
which the}^ are operated. Electricity is a means of power tran^nission 
■ and not a separate source of power, such as coal, oil, or waterfalls. Con- 
sequently, as a power-transmission medium, electricity is classified witli 
compiessed air, steam, hydraulic power, and the mechanical devices men- 
tioned above. 

Electricity is by far the most efficient means of transmitting power, its 
adaptability to transmission over great distances and the ease with which 
it can be controlled in performing almost any task having led to its 
amazingty wide development. 

Early discoveries in clccfricity. Benjamin Franklin is credited by the 
average person vaih “discovering” electricity. Without attempting to 
deprecate the value of Franklin's discoveries, it should be said that the 
presence of electrical energ}^ was known centuries before his time. As 
early as 600 b.c., Thales, a Greek philosopher, observ'ed the attraction 
and repulsion of lightweight objects when put near amber which had 
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previously been rubbed with fur. Also, in 100 a.b., Plutarch recorded the 
presence of certain magnetic stones. 

After the sum of inan^s knowledge on this subject had lain dormant 
for 2,000 years, the first important experiments in electricity were con- 
ducted by Dr. William Gilbert, a physician to Queen Elizabeth, in 1600. 
Gilbert discovered some of the fundamental laws of magnetism, and his 
work was of such importance that he has been called “the father of 
electricity.^' 

The next hundred years were spent in building various types of “static 
machines," consisting of glass discs that were revolved against stationary 
pieces of silk or fur. The static charges thus set up had little relation to 
the constant flow of electrical energy as we know it today, but they did 
assist in some important discoveries. It was found that the charges 
could be conducted along certain materials and that other materials 
acted as insulators. Then, in 1745, Bishop Kleist discovered the 
Leyden jar, by means of which charges of clectricitj’’ could be stored. 

Perhaps the most important electrical discovery ever made was that of 
the voltaic pile by Alessandro Volta, in 1796. This device consisted of a 
series of discs of silver, zinc, and cloth wet with saltwater, and constituted 
the first use ever made of chemical electricity. Our modem dr}’' batteiy 
is not unlike the voltaic pile. Very shortly thereafter, in 1809, Sir 
Humphrey Davy invented the arc light. He showed that, by placing 
together two sticks of carbon connected to a voltaic pile, and then draw- 
ing them apart, a very brilliant light was produced. 

The relation between electricity and magnetism was discoveied in 1819 
by Hans Christian Oersted, who, by accident, noticed that a wire carrying 
a current in one direction deflected a compass needle one way and that a 
current flowing in the opposite direction deflected it the other way. 
After this came the discoveries of Andr6-Marie Ampere, who found that 
a strong magnet was produced by passing an electric cuirent through a 
coil of wire. This discovery brought about the development of the sole- 
noid, which is in use today. 

Even the layman is familiar with Ohm's law. In 1827, Dr. G. S. Ohm, 
of Berlin, set down in mathematical computations this important prin- 
ciple of the electric circuit. The well-known developments of Samuel 
F. B. Morse and Alexander Graham Bell in adapting electricity to com- 
munication followed. 

The first dynamo. Previous to the discovery by Michael Faraday, all 
electricity was produced chemically. In 1831, Faraday demonstrated 
the first dynamo, by means of which electricity could be generated by 
mechanical power. This discovery led to the rapid adoption of the arc 
light as a means of illumination. Then, in 1875, at Cornell University, 
Professor William A, Anthony and George S. Moler built and put into 
use the first practical dynamo constructed in the Western Hemisphere. 
This dynamo furnished the electricity to light the campus of Cornell 
University, while New York and Paris still used the flickering gas jet. 

The realization that the arc light was too large and inefiicient for 
interior illumination led to the famous invention, on October 21, 1879, of 
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the first practical carbon-filament lamp by Thomas Alva Edison. The 
discovery that a dynamo supplied with electrical cnergj^ would run as a 
motor led to the development of the electric motor. 

All these earlier devices used direct current, and it was not until George 
Westinghouse spent untiring efforts in trjdng to establish the use of al- 
ternating current that its many advantages became apparent. West- 
inghouse^s first installation was the lighting of the World^s Columbia Ex- 
position in Chicago, in 1893. 

Devcloprneiit of the central station. As soon as a means of transmit- 
ting energy was developed, the inherent advantages of generating energy 
at one central point were readily realized. The first centi’al station was 
put in operation by Thomas Edison on September 4, 1882, at Pearl Street, 
in New York City. The rating of the first station was 2,000 h.p., with 
5,500 lamps in circuit. In a short time, 508 customers’ houses had been 
wired and there were 12,732 lamps in circuit. Then, about a month after- 
ward (October 15, 1882), the first hydroelectric station was placed in 
operation at Appleton, Wisconsin. The success of these early stations 
led to an enormous expansion of the service in all parts of the country. 

These early steam stations had all been operated by steam engines. 
But in 1901, a 1,500-kw. steam-turbine unit was installed at Hartford, 
Connecticut. Shortly afterward, in 1903, a 5,000-lm". steam-turbine unit 
was installed in the Fisk Street station at Chicago, the first all-turbine 
station in the world. 



Fig. 9 Increasing efficiency in the use of fuel, showing the relative decrease in 
the amount of coal used, per unit of output, by the railroads, the iron and steel 
industry, and the electric light and power plants of the United States. 


Constant increase in efficiencies of generating stations. The advent of 
the steam turbine has done much toward tlie conservation of the country’s 
fuel resources. About 2% pounds of coal per kilowatt-hour represents ^ 
the best recorded performance of a reciprocating-engine* plant. This 
economy was accomplished by the Manhattan station of the Interborough 
Rapid Transit Company of New York with the largest reciprocating units 
ever built. Today, power stations operating giant turbines are gen- 
erating 1 kilowatt-hour with .86 pounds of coal. Constant improve- 
ment in turbine and boiler design is responsible for these economies and 
for the resulting ever-decreasing cost of power. New devices are being 



THE POWER INDUSTRY 


613 


developed for recovering more and more of the heat in the coal fired under 
the boiler. 

As contrasted with the figures given above, representing the best 
recorded efficiencies, the average for all the power plants in the United 
States in 1902 was G.7 pounds of coal per kilowatt-hour (see Figure 9) . 
In 1939, the average for the entire countiy had dropped to 1,4 pounds of 
coal per kilowatt-hour. A proper conception of the importance of these 
growing efficiencies cannot be gained without making a few comparisons. 
Even when considering just the 20-ycar period from 1919 to 1939, only 
60 per cent more fuel was used in 1939 than in 1919, and yet considerably 
over three times the energy" was generated. In other words, 775,000,000 
tons of coal (or its equivalent in other fuels) have been saved since 
1919 as a result of increased efficiencies. 

Interconnected systems. Yet, all of this increased efficiency is not 
due to larger units or improved facilities, It was found, not only that 
a central generating station could produce energ}’’ much more economi- 
cally than a number of small private plants, but also that, when a number 
of central stations were connected together, a load factor better than that 
of the worst station always resulted, TT^ien power is available from 
the most economic plant on the system, this plant is operated to furnish 
power for the entire system, the other plants being maintained as stand- 
bys for extra-demand periods. Consequently, a complicated intercon- 
nected system has been established througliout the eastern half of the 
United States. Large power pools have been formed whereby power is 
dispatched from a central point and always obtained from the most eco- 
nomical point. 


Hydro Versus Steam Power 

Most people have an improper conception of the importance of hydro- 
electric power, as well as of the economics connected with this source of 
energy. It is the general belief that water power costs nothing and that, 
for this reason every available water site should be developed at once. 
As a matter of fact, hydro energy'^ sometimes costs a great deal more 
than steam energy, in which event it is naturally more profitable to build 
a steam plant. 

Few persons realize the enormous energy contained in 1 pound of coal. 
It is four or five times that of 1 pound of T.N.T., and 1 ton of water must 
fall 1 mile to develop its energy’' equivalent.^* Even when it is considered 
that only one third of the energy in the coal eventually is transformed 
into electrical energ>^, it still holds true that 1 ton of water must fall % 
of a mile to produce in electrical form the energy that ca'n be generated 

^Energy generated by water power. 

^One British thermal unit (or the energy required to raise the temperature of 1 
pound of water 1 degree E ) is equivalent to 778^^ foot-pounds (or the energy re- 
quired to raise 1 pound 778^^ feet). A ton of good coal will contain 13.500 BtWs, 
or 10,510,000 foot-pounds; this is equivalent to 2,000 pounds of water falling 5,255 
feet 
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from 1 pound of conL As a com])iiri‘'On, it is interesting to note that the 
entire flow of Niagara Falls is ccjuivalent to an imaginary si ream of coal 
flowing at a rate only slightly faster than a walk through a pipe line 
only 18 inches in diameter. 

Coal resources. It is true that cvciy kilowatt-hour generated by 
water power conserves at least 1 pound of one of our most valuable re- 
sources, namely, coal. But an im])ropcr conception exists in the minds 
of the general public concerning the seriousness of depleting our coal 
rcscn^cs. Figures published by the Bureau of Mines indicate that we 
have taken little from the supply of coal. For instance, in Pennsyl- 
vania, where the greatest depletion has occurred, it was estimated that 
there were originally 133,1 ‘j 8,000,000 tons of coal under the ground down 
to the depth of mining practicability, of which, to date, only 7,530,000,000 
tons have been removed. Similar statistics for other prominent coal- 
mining states are as follows: 


State 


West Yirgima 

Kcntuckj' . 
Illinois. . . 
Jndinn.n. 


j-lmoj/Tii Orirftnnllij 
Estimated a*i Annlabk 

.... 152 , 514 , 000,000 

. . . . 123 , 327 , 000,000 

. . 201 , 400 , 000,000 

53 , 051 , 000,000 


Avionni ^fined 
Throxifjh 1037 

3 . 250 . 331.000 

1 . 200 . 009.000 

2 . 405 . 891.000 
721 , 090,000 


Potential water-power resources. At the end of 3SG9, there had been 
installed in the United States hydro capacity for 1,150,000 h.p. This 
figure grew, until on Januaiy 1, 1931, there was in operation hydro- 
capacity to the equivalent of 14,885,000 li.p. According to the United 
States Geological Survey, the potential water-power resources of our 
country are 38,110,000 h.p. available 90 per cent of the time, and 59,- 
166,000 h.p. available 50 per cent of the time. The figures for installed 
capacity and potential water power arc not exactly comparable, inasmuch 
as the installed water turbines at any particular site arc usually sc%"eral 
times the firm power available at that site. This is due to the desire to 
obtain peak capacities out of the plants during times of abundant water 
supply. 

It is estimated that about one fifth of tlie total potential water-power 
resources of the United States is alreadj^ developed. In 1920, 16,150,- 
000,000 kilowatt-hours were generated by hydroclectric-power plants, 
while in 1939, 44,025,000,000 kilowatt-hours w^cre so generated. Con- 
trary to general belief, this represents only about 34 per cent of the total 
power generated in the United States, and this ratio has remained fairly 
constant. That is, hydroelectric plants have been developed at just about 
the same rate as the constantly increasing demand for power. 

Many limitations accompany the advantages of water power. Be- 
cause they utilize the flow of water from the Great Lakes, the water- 
power plants at Sault Ste. Marie, IMichigan, and at Niagara Falls are 
unusual in that they provide practically'' a constant flow of power which 
is nearly uniform throughout the y^ear. With these and a few other ex- 
ceptions, however, the flow of water in our streams is subject to wide 
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seasonal variations. The streams are usually very low during the sum- 
mer. So it can easily be seen that water is not always available when 
power is needed. For this reason, there are few instances where a system 
can depend iipon water power alone. In most cases, a water-power plant 
must be supplemented by a steam plant. This necessary duplication of 
equipment serves to increase the cost of hydro energy. 

Fixed charges. Many who are unfamiliar with the power business 
are inclined to neglect fixed charges when figuring the cost of power. 
But fixed charges arc just as real as operating or maintenance costs. 
They include interest, insurance, depreciation, and taxes. Obviously, an 
investor is not going to build a hydro plant if he can place his money 
in a bank or in bonds and get a return greater than the net revenue from 
the sale of power after the deduction of operating and maintenance costs. 
Fixed charges depend entirely upon the first cost of the project. Usually 
h^^dro plants are much more expensive to construct than steam plants. 
Average costs of hydro construction range from §200 to §500 per horse- 
power of capacity, whereas a steam plant can be built for §100 per horse- 
power or less. 

Hydro plants arc not always located at a spot w^here a natural water- 
fall existed before the construction of the station. Most sites for develop- 
ment are selected where a stream runs through a deep valley. A dam is 
constructed across the valley or ravine, from one bank to the other; the 
water then stores up to the top of the dam, and so has potential energy 
above the stream bed below the dam. Water is conducted through large 
conduits from the dam to the powerhouse, where the water runs through 
the turbines. Sometimes it is advisable to locate the powerhouse at a 
considerable distance from the dam, and a long flow line or lines of con- 
duit are required to conduct the water. All of this construction increases 
the cost of the project. In addition, large gates for control of the water 
and its release during floodtime must be installed, adding still further to 
the expense. 

Frequently, the powerhouse must be located in the middle of the 
stream, where foundations are insecure unless built witli great care and 
at great expense. Furthermore, it is usually necessary to create an arti- 
ficial storage basin or pond above the dam, where water can be held for 
use during the peak demands for power. Some plants have storage 
enough only to care for the fluctuations in requirements during the day, 
while in one or two instances there is sufiicient storage available to pro- 
vide for almost an entire season’s run. The new Boulder Dam project 
is of the latter type. Depending upon the topography of the land, con- 
siderable areas of flowage land must be purchased when establishing a 
storage basin. The farmers who are living on or cultivating the ground 
adjacent to the banlcs of the stream must be paid for their property if the 
level of the stream is raised so that it covers their lands. 

Location restriction. Of the potential water power in the United 
States, 40 per cent is available in the Pacific states and 30 per cent in 
the mountain states. Most of the power used is generated in the eastern 
part of the United States. Thus, 70 per cent of the water power available 
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is located where there is little use for power; obviously, then, water power 
is not always available where it is needed* 

Unlike steam plants, which can be located at the most advantageous 
points, a water-power plant must be located at the site where the energy 
is available. Some sites are so inaccessible and remote from the market 
for power that thej" remain undeveloped because of this factor alone. 
Usually, long high-voltage transmission lines must be constructed from 
the hydroelectric plant to the market. The longer the line, the higher 
tlie voltage must be; and the higher the voltage, the higher the cost 
necessitated by the heavier insulators, heavier construction, and larger 
rights of way. 

System of steam and hydroelectric plants. It must not be surmised 
from this discussion that hydroelectric plants are never feasible. On the 
contrar>^, a hydroelectric plant operating as part of a large system will 
act as a coal-saver. When water is available, steam units can be shut 
down; and when water is lacking, the entire amount required can be 
generated by steam. The development within recent years of satisfac- 
tory^ automatic-control equipment for hydroelectric plants has made pos- 
sible the use of many small and isolated sites where no operator is needed. 
Plants can now operate entirely without attention, except for an occa- 
sional inspection. 

Operating efficiencies. Modern steam stations mentioned previously 
are able to utilize only about 30 per cent of the heat units available in the 
coal because of the inherently inefficient cycle on which a steam plant 
must operate. In contrast, modern hydraulic turbines convert more than 
90 per cent of the energy of the falling water into electrical energy. Al- 
though additional improvements will undoubtedly be made in water 
turbines, there is little opportunity for any great increase in efficiencies. 

Steam station location. It is stated above that a steam plant can 
be located at the most advantageous point. Nevertheless, there are many 
factors which determine and limit the location of a steam plant, even 
though they are not so rigid as the determining factors for hydroelectric 
plants. If losses in the transmission of energy are to be prevented, gen- 
erating stations should be located in the center of the load, which, as a 
general rule, is in the business or industrial center of a large city. But 
if the station is thus located, we must transport coal from the mine to 
the plant. Frequently, it is more economical to transport the energy 
over wires than to haul coal over rails. For this reason, the term ^^mine- 
raouth power plant” became popular a few y^'ears ago and stimulated the 
mind of the public to the belief that, within a short while, all generating 
stations would be moved to the coal fields. 

Unquestionably, the factor determining the location of practically^ 
every steam plant is water. Not only’' are considerable quantities of pure 
water required for boiler make-up, but tremendous volumes arc needed 
for condensing pmposes. It is very unusual for a source of usable water 
to be found in tlie coal fields, and where this happy’’ combination docs 
exist, a power plant will be found already in operation 

As an illustration of the importance of condensing water, there is the 



THE POWER INDUSTRY 


617 


Chicago area, where one of the most highly concentrated electrical loads 
in the wprld is established. The generating stations, Fisk Street, North- 
west, and Crawford Avenue — all located on the Chicago River — are 
talcing out of that river for condensing the maximum amount of water 
permitted by the United Siate.s Government. Likewise Calumet is using 
the maximum allowable out of the Calumet River. It is impossible to 
secure a power-plant location on Lake Michigan, because the entire 
shore within the Ci(y of Chicago is owned b}’' the city for its outer drive 
and park projects. Consequently, any future power supply must come 
from outside the city. This fact led to the erection of the supergenerating 
station Slate-Lino, located on Lake Michigan, as close to the southern 
boundary of the city as possible, and of a station at Waukegan, beyond 
the northern limits of the city. 

There arc other less important factors, such as the cost of the land, 
which arc present in determining the correct location of any industrial 
plant. Although modern generating stations make little or no smoke, 
the increased use of pulverised fuel, with its more objectionable sulphur 
deposits on surrounding territory, in some cases has been an important 
consideration in the location of a power plant. 

Private Versus Municipal Ownership 

In 1902, there were 815 municipalities operating their own utility sys- 
tems. These increased in number until, in 1922, there were 2,581 towns 
operating such systems. Since 1922, the number of municipal sj^stems 
has fallen off, m 1937, there were only 1,860 city-owned plants. 

In 1902, there were 2,805 privately operated power companies. These 
increased in number until, in 1917, thcic were 4,224 separate operating 
systems. Since 1917, the number of private companies in the power busi- 
ness has fallen; in 1937 there were 1,340 separate s3^stems. This change 
has been due to consolidations and interconnections for more efficient 
operation, because in 1917 there were 11,349 cities and towns being ser\^cd 
by private companies, as compared to 17,000 in 1937. 

One of the drawbacks to the operation of power s3’'stems by munici- 
palities is that they cannot logically serve an3* territory outside their 
incorporated limits. Nor is the use of power now limited to the cit}^ for 
the farm also has become electrified. Rural lines extend in all directions 
from the power plants of private companies and frequently traverse sev- 
eral counties. This is impossible with a municipal plant, for the city 
taxpayer's 0101103” cannot legally be spent for making improvements 
outside the city. 

Government plants pa3” no taxes, and so withdraw a large amount of 
profitable property from the assessment rolls. This means that the re- 
maining property owners are taxed more heavily to make up the dif- 
ference. 
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Economic Status of the Power Industry 

In the United States, during 1937, tlic kilowatt-hour output of the 
power industry amounted to 935 kilowatt-hours per person. This figure 
is exceeded by only three other countries in the world: Norway, with 
2,700 kilowatt-hours per capita: Canada, with 2,500 kilowatt-hours per 
capita; and Switzerland, with 1,900 kilowatt-hours per capita. In Can- 
ada, large quantities of cnerg>' are consumed in paper mills and similar 
plants, and in Nonvay and Switzerland a great amount is used for electro- 
chemical processes. 

Figures giving the per capita output for other important countries for 
1937 are: 

Country Kdoicntt-Hours 

France . . . . 425 

Groat Britain 075 

Germany 400 

Japan . 440 

In 1899, according to the United States Census of Manufactures, each 
industrial establishment had an average of the equivalent of 49 h.p. in 
productive machinery’'; in 1929, this figure had reached 203 h,p. In 
1899, the total horsepower available to each worker was 2.14, while in 
1929 it was 4.20. 

Everyone is vitally interested, directly or indirectly, in the power avail- 
able in the countr>% for it determines how much and liow^ long we must 
work in order to live. The fact that each worker has over 4 h.p. to assist 
him means shorter hours to do the same work. Because of the more 
skilled directional efforts required of the workmen, there is a greater 
margin between earnings and cost of living. 

Regulation 

The chief reason for the creation of regulatory bodies was to insure 
adequate and safe service at reasonable and nondiscriminatoiy rates. 
The power to regulate property, services, or business can be invoked only 
under special circumstances. The authorit}’' to regulate the conduct of a 
business rests upon the police power and exists only where the business 
or the property involved has become “affected with a public interest.^' 
Certain properties and kinds of business it obviously includes, such as 
common carriers, ferries, and telegraph, telephone, water, gas, and light 
companies. 

With the gradual recognition on the part of the public that electric 
service, to be efficient and economical, must be noncompetitive, came the 
necessity for some control which, while protecting the utility, would 
guarantee adequate service at rates that were reasonable and just to all 
parties concerned. This gave rise to regulatory bodies, or public-service 
commissions, charged with the enforcement of specific laws and endowed 
with supervisory and sometimes quasijudicial powers, 
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The necessity foi* public-utility commissions is to protect, by regula- 
tion, the great public interest in the utilities. The public interest to be 
protected is not only that of the customer of the utilities but also that of 
the investor in the utilities. Each needs protection and consideration 
for both to receive their full measure of satisfaction from utility service. 
One cannot c.\ist udthout the other. The customer cannot secure service 
until the investor provides the money. The investor ^YilI not provide 
the money unless the customer pays such rates as will show ample earn- 
ings with which to pay a fair return upon the investment. So, in the 
intere^st of the general public, the interests of the investor must be 
considered in any plan of regulation. 

The regulation of public utilities is strictly a legislative function of 
.the Government. This power must be exercised either directly by the 
stale or be delegated to some subdivision of the Government or special 
agency. Legislatures arc not equipped for, nor have they the time to 
give to, rate-making matters. Such work, therefore, lias now been 
delegated to commissions in most states; and in fixing rates, commissions 
arc acting for the legislatures. In other words, public-service commis- 
sions perform strictly legislative functions, delegated to them by the 
lawmaking bodies. 

In most of the states, public-sciwice commissions have wide powers 
and exercise full jurisdiction over all phases of utility soiwice. They 
supervise, regulate, and control rates for all classes of service; they define 
service standards and regulations; they prescribe specific accounting 
methods; i\\oy require periodical reports of financial affairs and physical 
properties, and prompt records of all accidents; and in man}’* states, they 
exercise control over the issuance of securities. 

While the state may regulate with a view to enforcing reasonable rates 
and charges, it is not the owner of the property of public-utility com- 
panies and is not clothed with the general power of management incident 
to ownership. Tlic commission is not the financial manager of the 
corporation and is not empowered to substitute its judgment for that 
of the directors of the corporation. 

There are certain limitations beyond which regulator^’' bodies cannot 
go. The utility is entitled to a fair return upon the fair present value 
of its property. A commission cannot legally regulate rates so far 
downward that they will not yield a fair retui*n on the fair value of the 
property in use. If the rate of return described by the regulating body 
seems so low that it is less than a fair or reasonable return on the value 
of this property, the possibility of appealing to the courts is always 
open. 

Generally speaking, the commission’s right to establish rates arises 
only where, after a hearing and upon evidence, it is found that an exist- 
ing or proposed rate is unjust and unreasonable or otherwise unlawful. 

A rate which returns more than enough to escape the charge of confisca- 
tion is not on that account extortionate or unreasonable 

There is no uniform rate of return which always and under all circum- 
stances must be adhered to. The courts have held that a utility is 
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entitled, as a minmiuin, to such rates as w'ill permit it to earn a return 
on the value of the property which it employs for the convenience of the 
public equal to that generally being made, at the same time and in 
the same general part of the country’', on investment and other business 
undertakings which are attended by corresponding risks and uncertainties. 
The rate must be suflScient to yield the amounts required to pay taxes 
and proper operating charges, depreciation, and a sum sufficient to con- 
stitute just compensation for the use of the property employed and the 
service furnished. The return should be reasonably sufficient to assure 
confidence in the financial soundness of the utility and should be adequate 
to maintain and support its credit. It should attract an adequate flow 
of capital for investment purposes to the particular utility and maintain 
the integrity of the investment, so made, so that the utility may secure 
ample capital to build and extend its physical properties in anticipation 
of the requirements of the territory and customers served by that 
particular utility. 


Electric Rates 

Electric service, unlike commodities, must be delivered to the customer 
at the point of consumption in whatever quantity desired at the veiy 
moment the switch is turned. There can be no delay in delivering the 
purchaser's requirements, no leisure in manufacture. There can be no 
interA^ening jobber, middleman, or merchant. The whole sequence of 
economic process, from initial manufacture to consumption, is practically 
instantaneous. 

The question of the rates paid for utility service is, of itself, a very 
small part of the problem of utility regulation. It is of far more impor- 
tance to the public to secure all the utility service it needs when and 
where it wants it than to pecy a rate a fraction more or less for this 
ser\dce, provided always the rate is reasonable. 

A rate is a reasonable rate when, on the one hand, it does not exceed 
the value of the service rendered, and, on the other hand, is sufficient 
to pay operating exq^enses, including maintenance, depreciation, taxes, 
etc., and A reasonable return on the fair value of the property used and 
useful in the public service. A rate between these two points is reason- 
able to the public and the consumer and offers a fair incentive of reward 
to investors in the utility. 

The opening of the first commercial electric central stations in 1882, 
both in the United States and in England, immediately presented for 
solution the problem of determining proper charges for the sendee ren- 
dered to the customers. In^opdiing the' Street plant at New York 
City, Thomas Edison ^€fed service to uie original 59 customers for 
several months withopc any billing, pending study and adjustment of 
what should be consjaered reasonable charges. 

The only meters ^tft that time were devices recording the total time a 
current existed in'^an electric circuit. ^‘Between 1880 and 1882, Edison 
invented two principal types of meter^i, one a motor meter, which did not 



THE POWER INDUSTRY 


621 


appeal to him and never manufactured commercially, and the 
Edison chemical meter. Tiic latter was formed by placing two pieces 
of zinc into a glass jar containing a solution of zinc chloride. Current 
flowing from one zinc to the other through the solution caused particles 
of zinc to be transferred from one to the other. The amount of current 
used was measured by the loss of one and gain of the other. This was 
found to be substantially accurate and was in common use by the large 
companies from the early eighties \mtil about 1900. 

The energy was all used for ligliting, and there was but a single class 
of customers. The first meter rates were straight-line rates at so much 
per kilowatt-hour, and the service was sold on its merits for what it 
would bring. In the early eighties, it was difficult for companies to 
make both ends meet with a rate of 25 cents per kilowatt-hour. The 
making of rates was little influenced by theoiy. 

So long as the use of the energy by the different customers and the 
equipment required to serve them were substantially similar, it was 
unnccessar}’’ to differentiate between them to avoid discrimination. As 
new ones began to develop and the electric liglit and power industry 
began its real growth as the serv^ant to homes, stores, and factories alike, 
it was found that the only way to prevent one general class of customers 
from carrying part of the cost of serving the other classes was to have 
rates made to conform as closety as possible to the actual cost of the 
service to the class. 

Neither the equities nor the expediences require that the rate schedules 
shall be meticulously exact. It is not required that every kilowatt of 
reservation for a customer shall earn identical annual return, nor that 
every kilowatt-lioiir sold shall carry the same margin of profit. The rule 
IS that everyone shall bo served at such a price that none shall be seiwed 
at the cost of another and that no one shall be asked to pay an excessive 
profit. 

The determination of class costs calls for an analysis of expense over 
and above that contained in any state or association classification of 
accounts. The principles of such analyses have been published many 
times. The differences in practice are many, and the possible refine- 
ments are legion. Tlie first essential is a separation of all costs (in- 
cluding capital costs) into the three basic cost classes: costs varying 
with the number of customers served, costs varying with demand (or 
maximum amount used during a predetermined short period) and costs 
varying with the use of the energy. 

The emergence of demand charges as separate elements in electrical 
rate schedules is due to causes characteristic of electric supply, rather 
than to the very general distinction between necessary running expenses 
and expenditures for carrying and maintaining capital. 

Well-designed rates, based upon experience and sound principles, are 
the greatest factors in the development of larger sales. Poorl}^ designed 
rates will render futile the efforts of the best salesmen. To be successful 
rates must be promotional. 

The promotional form of rate is by no means new. It apparently had 
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its origin more than 25 j'ears ago, when Wright and Hopkinson designed 
the forms of rates which still bear their names. Keither of these rates 
was originallj" intended primarily for residence sendee, although the 
Wright demand rate was extensivel}' used for general lighting purposes 
w'here the cost of a demand meter was not prohibitive or where the 
demand could othen\'ise be satisfactorily determined. 

All of the rate forms which give recognition to customer-demand 
requirements and time element, and are thus promotional, have the 
common purpose of simplifying metering and wiring cost, elimination of 
improper connections of appliances under a multiple-metering system, 
reduction in accounting cost, and, further and more fimdamental, closer 
relation between costs and revenues, thereby reducing the number of 
improfitable customers and stimulating additional use. Such readjust- 
ments of rates to cost with respect to small customers is not an arbitrary 
act but is in recognition of the legal rights of customers, established by 
statutes, the commissions, and the courts, to relief from unreasonable 
burdens arising from other unprofitable customers. 

Capitalization not a factor. Since the passage of the modem public- 
service commission laws, in 1907, the capitalization of the public utilities 
has not been a factor in the determination of reasonable rates. The 
value of the property used and useful for the service to the patrons forms 
tlie basis on which the charges are to be computed. As one of the impor- 
tant commissions has stated: 

It does not make the slightest difierence whether the issued capital 
stock is ''watered” or not, nor to what extent the “wateri' may be pres- 
ent. The injection of "water” cannot add one cent to the value of the 
property which Is actually used, and that is the only inquiiy' which the 
commission interested in. 

Utility management has no function or responsibility of greater impor- 
tance than that of rate-making. Earnings depend upon the prices 
charged for the services rendered. The successful development of * 
greater sales depends upon the flexibility of the rate schedules and their 
adaptability to new uses for electricity, to changing costs of production 
and distribution, and to competitive conditions in the field of power sales. 

The relations between a utility and the public it senses are influenced 
to a large degree by the rates, their amount, their structure, add the 
presence or avoidance of unjust discrimination in their application. 

Successful utility management appreciates fulij' the reaction of the 
piiblic to promotional rates. Experience has demonstrated the relation 
betw‘ccn low rates and increased use by residence and commercial cus- 
tomers. While there is a definite limit beyond which management can- 
not go in rate-making — namely, the cost of the scr%'ice — tlic management 
should do everything in its power to make its rate schedules the most 
efiirient aid in developing business. Successful management is not so 
short<ig]ited us to neglect any opportunity to increase sales, because this 
means greater volume of output and, in turn, lower unit costs. Through 
lower costs lies tiic safe, clear road to even lower rates. 
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The major items of cost in residence service are fixed charges directly 
applicable to the customer's required demand for items actually charge- 
able to his service, such as billing, metering, and so forth. Together, 
these comprise the greater part of his cost, and they do not vary from 
month to month, as may his use of energy. 


Taxes 

Mention should also be made of the tax situation. Taxing bodies are 
looldng more and more toward utility companies for funds, and tax 
burdens have shown the largest rate of increase of any items entering 
into utility operation. In 1902, taxes amounted to 3.4 per cent of the 
operating revenue; wdiile in 1939, they equaled 16.2 per cent of the 
revenues of that year. Total taxes paid in 1939 by utility companies 
amounted to §350,000,000. It might even be said that, at the present 
time, electric companies work principally for the Government, rather 
than for their creditors, the bondholders, or for their owners, the stock- 
holders, according to the 1939 income statement of the electric light and 
power industry. For the first time, taxes exceeded stocldiolders^ divi- 
dends; since 1937, thej^ have exceeded interest payments. In 1939, 
electric operating companies paid out in taxes §350,000,000, or one dollar 
out of every six received from consumers. This is §70,000,000 more than 
the §280,000,000 in interest and amortization charges applicable to 
electric operations of private companies, and about §25,000,000 more 
than dividends computed on a similar basis. 

In the long run, increased taxes can serve only to increase the rates 
charged the consumers, for no utility can survive indefinitely unless it 
shows a profit. 


Financing of Utilities 

One of the important characteristics of the power industry is the 
enormous investment in physical facilities necessary. A utility has an 
extremely low rate of capital turnover, as can be strikingly shown by 
comparison with a typical manufacturing business. It is not uncommon 
for a mail-order house to turn over its capital three times during tlie year. 
On the other hand, the typical power company has annual sales 
amounting to from one fourth to one fifth of its capital, or, in other 
words, a turnover once in 5 years. 

On December 31, 1939, the power industry had an investment in plant 
and equipment of about §13,000,000,000 and gross revenues of §2,330,- 
000,000. The investment values of the industry are surpassed only by 
those of agriculture, railroads, and the oil industry. The growth of the 
utility industry can be seen from the figures of 1912, when §2,000,000,000 
were invested and the total revenues were §302,000,000. Thus, in 27 
years, the industry increased its investment more than six times and its 
revenues almost eight times. 
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Ordmarj" manufacturing businesses finance their program of expansion 
largely through the use of surplus earnings. Utilities are fundamentally 
different, because commission regulation vdW not permit rates to be 
charged above a reasonable return upon the investment, and conse- 
quently the use of earnings to construct additional plant can be done 
only at the expense of the stockliolders. 

In earlier years, before the depression reduced the rate of utility 
expansion, a very large amount of new financing was necessarj" everj* 
year. During the decade from 1922 to 1932, the operating electric light 
and power companies sold to the public about §4,000,000,000 worth of 
. stocks and §3,750,000,000 of bonds. All of this went into new construc- 
tion, as indicated by the increase in the value of plant and equipment of 
§7,895,000,000, or from §4,230,000,000 at the end of 1922 to §12,125,000,- 
000 at the end of 1932. A present, the annual appropriations for depre- 
ciation and retirements are larger than the actual amounts of property 
retired, and the balance is available for investment in plant extensions. 
During the recent years of small-plant expansion, practically all funds 
necessary for new construction have been obtained from the re-investment 
of depreciation reserv'es, from net earnings withheld from stockliolders, 
and out of previously accumulated surplus. 
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The Shipbuilding and Shipping Industries 


This chapter, although it includes shipping in its title, is confined to 
water-borne transportation of persons and merchandise in commerce, and 
emphasizes the essential function that shipbuilding performs in providing 
the vessels for such transportation. 

Shipping occupies an important position in the commerce and general 
prosperity of a nation. Foreign trade and shipping arc closely related. 
It is a matter of history that maritime nations, as their shipping has 
grown have usually enjoyed a grovi^h in their trade, and that those 
countries that have neglected the development of sea power have not long 
maintained an important position in the family of nations This relation 
between trade and shipping is not generally recognized. 

The purpose of this chapter is to present in some detail the important 
function that shipping performs and to trace the development of shipping 
and shipbuilding in the United States. 

Several words and terms as applied to the subjects discussed are used 
in their technical significance, and their meanings are defined in the 
glossary to be found at the end of the chapter. 

History of Shippins 

Early history of shipping. Navigation is as old as civilization. It is 
probable that the secret of navigation was discovered by the earl}^ cave- 
men in observing floating objects blown by the wind or drifting with the 
current of streams, and that they early learned that, by sitting astride a 
log and using their hands as paddles, they could control to some extent 
their direction of motion and their speed through the water. The next 
discoveiy, it may be conjectured, was the raft, consisting of two or more 
logs crudely fastened together to ai^oid the rolling effect of a single log. 
The early boat was probably a very crude and simple craft, made from a 
log roughly hollowed out by a process of burning and then scraping to 
enable it to carry a person or an object. 

Archeological research in the Valley of the Nile has brought to light 
the existence of a primitive boat dating from 4,000 years b.c., believed 
to have been propelled by a small, square sail and steered by an oar. It 
is certain that boats with sails were in use on the Nile several thousand 
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years b.c. The Phoenicians are credited with the first development of 
jrailmg vessels of sufficient size to carry on reasonably safe commercial 
operations on long sea voj-ages. 

Until the beginning of the nineteenth century*, all vessels, from the 
smallest to the largest, were built of wood and were propelled either by 
oars or by sail. 

Warships, althougli fitted with sails, were equipped with oars as an 
auxiliaiy power until late in the sixteenth centuiy. In the naval battle 
of Lepanto, fought between the Holy League of Christian ^Mediterranean 
nations and the Turkish ^Mohammedans, in 1571, both contestants furled 
their sails and fought with their ships manned oars, using their ships 
essentially as floating platforms. Only 17 years later, in 1588, the first 
recorded naval battle fought under sail was between the Spanish Armada 
and the British fleet. 

From the earliest days of navigation to the beginning of the American 
colonial period, the improvement in ship design was very’’ gradual. Ves- 
^els increased somewhat m size and improved slowly as to their form, 
-afety, comfort, and speed. However, the majority of merchant vessels 
constructed prior to the colonial period, and for many years thereafter, 
did not exceed a carrying capacity of 200 tons. 

AYith few exceptions, improvement in the art and science of ship- 
building has been by a slow process of evolution. The step from man- 
power to sail was the only revolutionary’- advance until recent times. The 
general adoption of steam power in place of sail, iron in place of wood, the 
screw propeller in place of the paddle wheel, the application of electricity 
to ship uses, the introduction of the steam turbine and the internal- 
combustion engine for specific serAuces, and the use of welding instead 
of riveting in ship construction have all taken place since the beginning 
of the nineteenth century. 

Shipping during the colonial period. '\^^ien the first colonists landed 
on American shores, the country was a vast, trackless forest inhabited 
only by Indians, whose attitude toward the whites was entirely uncertain 
and who more often than otherwise proved to be unfriendly^. 

The narigation of rivers, bays, and sounds was the safest means of 
traveling from one settlement to another and the best means of conducting 
crade. The only connection the colonists had with the homeland was by 
means of ships. Under such conditions, the necessity’ for ships was 
recognized, and shipbuilding vras commenced almost immediately at the 
time of the settlement of the colonies. It is recorded that the ill-fated 
Popham Colony, on the coast of Maine, built a vessel in 1607 knovm as 
the Virginia, a “fair pinnace of 30 tons” in which they’- sailed across the 
Atlantic. 

All of the early settlements were on or near the seaboard, and small 
boats were constructed in all of the colonies for the transportation of - 
persons and property between the settlements and for fishing. 

Trade between New Amsterdam (New York) and New England was 
opened as early as 1627, when the Dutch invited “friendly commercial 
relations” with the Pilgrims by sending the governor of the colony a 
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rundlet of sugar, two Holland cheeses, and a letter offering to give credit. 
At first, the Pilgrims were not responsive to this invitation, because the 
Hutch were trading with the Indians in Connecticut, a region claimed by 
England; but in 1633, Governor Winthrop's vessel, the Blessing of the 
Bayj visited New Amsterdam and established relations so cordial that, 
by 1635, New Amsterdam vessels were carrying to Boston tobacco and 
salt from the West Indies and Virginia, and Flanders mares, oxen, and 
sheep from Holland. 

The first vessel recorded to have been constructed in America for trade 
between the colonies and their homeland was built in 1631. Within a 
period of 50 years thereafter, the colonies had nearly 1,000 vessels, the 
largest of about 250-ton capacity, engaged in domestic and foreign trade 
and in fisheries The first schooner type of sailing vessel was built at 
Gioucester, in the New England colonies, as early as 1714. 

In early colonial days, only the bare necessities of life could be obtained 
in the new settlements. Communication with distant lands, and particu- 
larly with the West Indies, was essential to secure sugar, cotton, rum, 
indigo, and other commodities, in exchange for which the colonists shipped 
fish, lumber, horses, cattle, and agricultural products. 

At this period Spain, France, and Great Britain were rivals for the 
ownership of the West Indies and for the control of their trade. This 
keen competition resulted in open piracy in the vicinity of the islands, 
to which colonial vessels fell a frequent prey. 

The West Indian trade was so important to the colonies that it 
stimulated American shipbuilding ingenuity to build the staunchest and 
fastest vessels afloat, which constituted a commercial inheritance that 
was enjoyed by later generations. 

The whaling industry contributed greatly to the development of a 
merchant marine in colonial days. Whales were to be found in great 
numbers along the sandy beaches of Cape Cod and Long Island. Whale 
oil was in demand, and the catching of whales for the ex'traction of oil 
was a lucrative, although hazardous, business in which both English and 
Dutch settlers early engaged and which became a systematized and 
established industry. 

The early whale boats were modeled after Indian canoes, sharp and 
double-ended, and were kept upon the beach until whales were sighted. 
As the industry grew, whales became scarce along the shores, requiring 
larger boats capable of going greater distances to sea to capture them. 
As a consequence, at the beginning of the Revolution, the American 
whaling fleet was composed of more tiian 300 vessels aggregating about 
33,000 gross tons and employing approximately 5,000 seamen They 
sailed, not only along the Atlantic Coast, but even into the Arctic 
regions, and remained at sea for long periods, sometimes 2 years or more. 

Great Britain, Spain, France j and Holland had enacted navigation laws 
which largely restricted the carriage of their foreign trade to their own 
vessels. By reason of tliese laws, the navigation of vessels owned by the 
colonists was cuiiailed in foreign trade, not only with the West Indies, 
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but elsewhere throughout the world. These laws continued in force until 
after the beginning of our existence as a nation. 

Shipping during the early national period. When the American 
colonies won their independence in 1783^ their merchant ships, of course, 
lost their British nationality and became foreign ships to Great Britain, 
American trade with the West Indies was prohibited and was elsewhere 
subjected to restrictive and discriminatoiy treatment by foreign nations 
because, although we had a national flag, we did not have a strong 
unified national government to support and promote foreign commerce. 

The colonists had developed a lucrative trade with the Far East not- 
withstanding the fact that their mariners had no protection on which to 
depend but their own courage and the speed of their vessels, while in the 
same trade, the British and Dutch received the protection and support 
of their national governments. At the beginning of onr national historj" 
in 1789, however, we had but 123,893 gross tons of shipping engaged in 
foreign commerce, the equivalent of not more than 10 or 12 modem ships 
of moderate size. 

Recognizing the national importance of our foreign trade and shipping, 
Congress, at its first session in 1789, passed the Tariff Act of that year, 
vdiich imposed discriminator^’ customs duties in favor of goods imported 
into the United States in American flagships, wholly owned by citizens 
of the United States, by providing a 10 per cent discount of customs 
duties on all such goods entering this countrj^ and imposing higher duties 
than othenvise provided in the act on teas brouglit in by foreign vessels. 
This discrimination made it almost impossible for foreign vessels to 
engage in the tea trade. In the same year, another act was passed impos- 
ing ingher tonnage dues on foreign vessels than on American vessels 
entering American ports. 

Five of the first 11 acts passed by Congress contained provisions to 
encourage and regulate American shipping, and from 1789 to 1830 no less 
than 50 acts affecting shipping and trade were passed. As a result of 
tins helpful legislation, the growth of American shipping from 1789 to 
1807 was witliout parallel in the history of the commercial world, and 
the era from 1789 to 1828 is Icnown as the “Golden Age” of American 
water-borne commerce. We carried at one time during this period as 
much as 90 j)cr cent of our foreign commerce in our own ships. Our 
foreigii trade and shipping provided a means of highly profitable employ- 
ment for shipowners and operators, and was the source of many early 
American fortunes. Our people, during this time, were .ship-minded and 
recognized the importance of shipping to our national prosperity. 

The growlh of our shipping was not, however, without its setbacks. 
Great Britain continued to restrict our trade with the West Indies. 
Piracy continued on the high seas, not only in the waters of the West 
Indies, but also on the Mediternancan and along most of the established 
Uade wiles. In 1791, C'Ongress authorized tlic building of six naval 
frigates to suppress tlie Barbar\' pirate^ and othcrwi^jc ])rotcct our 
commerce, Fhese ves'::el5 v*erc the first ones built for our American navy. 
During tlie Xapolconic ars in Europe, ilicro was impressment of 
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American seamen by the belligerent nations, and in some instances they 
seized and commandeered American vessels. 

Shipping during and after the War of 1812. Our second war with 
Great Britain, 1812 to 1815, caused a further interruption in the growth 
of our shipping, but it stimulated our seagoing spirit, and the period 
following the war showed a rapid growth in American shipping and 
American trade. In fact, we became so well established upon the seas 
that Congress felt that the discriminatory legislation which had been 
enacted for the protection of American vessels was no longer necessary. 
As a result, the United States and Great Britain, in 1815, bound them- 
selves by treaty not to impose discriminatory duties on products carried 
in trade between these countries. While intended to apply to British 
colonies as well as to Great Britain itself, the treaty did not come into 
full force as regards the West Indies until 1849. 

The treaty of 1815 led to treaties with other nations with the object of 
eliminating tariff legislation of a discriminatory character. These 
treaties were followed gradually by a repeal of most of the previous dis- 
criminatory duty acts, the last of which was annulled in 1828. One very 
important section of an act passed in 1817 restricted our coastwise trade 
to American-owned and built vessels, an act which is in force at the 
present time. 

Notable developments in shipping from 1789 to 1860. Credit for 
the first steamship to engage regularly in service is given to Robert 
Fulton, who built the Clermont^ a paddle-wheel vessel which was first 
operated in 1807 on the Hudson River. However, before that date 
experiments on the application of steam to the propelling of ships had 
been conducted by both American and foreign engineers for many years. 

The development of early American steamship lines as commercial 
ventures was delayed for about 20 years because several states had 
granted to their citizens the exclusive right to operate steamships upon 
their waters. Such rights were given by New York, Connecticut, New 
Jersey, and other states. However, in 1824, in a celebrated decision, the 
Supreme Court of the United States decided that, inasmuch as Congress 
had power under the Federal Constitution to regulate commerce, it also 
had the power to regulate navigation and that Federal regulation of all 
navigable waters must, therefore, apply. This decision resulted in the 
death knell of the monopolies which had been granted by the States in 
the operation of steamships and was followed by a rapid increase in the 
number of steamships in our harbors, on our rivers, and along our coasts. 

Sailing-ship service across the Atlantic, until 1818, was intermittent. 
It was in that year that certain enterprising American owners established 
the Black Ball Line, with regular scheduled sailings between New York 
and Liverpool. Vessels of this line sailed on the first and sixteenth days 
of each month throughout the year and continued in service for nearly 
40 years. They were sailing packets, each of less than 400 tons carrying 
capacity, and required from 25 to 40 days to make the passage. The 
eastern trip was called the '^downhill” trip, and the western the *^uphill,’^ 
because of the prevailing winds which made the eastern passage faster. 
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In 1819, the Savannah, a sailing vessel equipped with an auxiliary 
steam engine, built at'Corlears Hook, New York, undertook the voyage 
from Savannah to Liverpool and to St. Petersburg and return. While 
the Savannah is regarded as the first steam-driven vessel to cross the 
Atlantic, it should be remembered that her engines were used for only 
a small part of the trip. Because of her inability to carry sufficient fuel 
for a transatlantic trip, it Tvas necessaiy to proceed a great part of the 
way under sail. This trip of the Savannah was largely an experiment 
and ^vas not followed by a regular transatlantic service under steam power 
until 19 years later, when two British vessels, the Sirim and the Great 
Western, inaugurated such a sendee, which was followed by the Cunard 
Line in 1840. 

From 1846 to 1850, transatlantic steamship sendee was inaugurated 
in the United States by the Ocean Steamship Company, the Collins Line, 
the Pacific Mail, and other companies as a result of the impetus given to 
shipping by the Ocean Mail Acts of 1845 and 1847. American steam- 
ships continued to ply the oceans until 1858, when the services were 
largely discontinued because of the repeal of those acts. 

The whaling industry’', which began in colonial days, continued to grow 
until the days of the Civil War, when it reached a total of 200,000 gross 
tons of shipping. 

Clipper-ship era. Although the steamship for commercial purposes 
was being developed in the United States early in the nineteenth century, 
the sailing vessel was predominant until near the end of the century. 
The middle of the century was marked by the development of the famous 
clipper ships. These were seagoing sailing vessels built of wood, rigidly 
constructed for a maximum sail area, and of such form as to secure 
greater speed than the earlier models of sailing vessels. The clipper was 
the outstanding development in the evolution of the sailing vessel. It 
approached its perfection of design about 1843 and reached its peak of 
performance during the fifties. 

The discovery of gold in California in 1849 gave a tremendous impetus 
to the building of fast sailing vessels to carry men and supplies around 
the Horn to the California coast. The discoverj^ of gold in Australia, in 
1851, also created a demand for the clipper ship, as did likewise the 
increasing trade with the Par East. These ships were so successful that 
many of them were cliartered or purchased by citizens of foreign countries 
for trade between the Far East and Europe, and later for use as trans- 
ports by Great Britain and France during the Crimean War. 

The storj’' of our shipping during this period is replete with feats of 
famous captains and shipbuilders, and notable performances of clipper 
ships. While there are many of them, a few outstanding records illus- 
trative of this period are taken from Mr. Carl C. Cutler’s Greyhounds 
of the Sea and are given in Table I. 

The Civil War seriously interrupted the development of our merchant 
marine and marked a rapid decline of the use of the clipper ship. Many 
of our ships, both steam and sail, were commandeered for war service. 
Others were sold abroad to escape possible capture or plunder, or because 
of the interruption of trade. 
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The introduction of iron in shipbuilding. Until the Civil War, 
shipping in the United* States had prospered with sailing vessels built of 
wood. Our forests adjacent to the seaboard furnished an almost un- 
limited supply of various woods suitable for shipbuilding purposes, such 
as tall, straight white pine for masts; white oak, hackmatack, and locust 
for ribs; yellow pine for keelsons and ceiling timbers; white pine for 
floors; and live oak for aprons. Labor costs in the United States were 
somewhat higher than abroad, but because of the availability of ship- 
building material at low cost, the United States could build merchant 
vessels as cheaply as Great Britain and other foreign countries. 

For centuries, shipbuilding had been the basic industry of Great Britain 
and an important industry in several Continental European countries. 
Ships in those countries were built of wood, and the supply of European 
timber suitable for shipbuilding had been largely depleted, with the 
result that much of this material came from the United States and 
Canada. Great Britain became apprehensive of the effect of her de- 
pendence upon other countries for shipbuilding material and began to 
develop the use of iron instead of wood. She had ample deposits of iron 
ore and of coal for the conversion of the ore into materials suitable for 
shipbuilding. 

Although experiments in the use of iron in the construction of small 
barges had been carried on before the close of the eighteenth century, the 
first iron ship, the Aaron Manhy^ a small paddle-wheel steamer about 
60 feet long, was not built in England until 1821. British-built iron 
ships for ocean servdce began operations in 1838 but were not regularly 
engaged in transatlantic ser\nce tmtil the fifties. 

While the development of iron shipbuilding in the United States lagged 
behind its progress in Great Britain, nevertheless three iron vessels — ^the 
Ashland, Ocean, and Bangor — each about 100 feet long and of 200 gross 
tons, were constructed at the plant of Betts, Harlan, and Hollingsworth 
in Wilmington, Delaware, in 1843 and 1844. The general adoption of 
iron for shipbuilding in the United States did not take place until after 
the Civil War. The first large American-built iron ships to engage in 
transatlantic ser\nce were the four vessels of the American Steamship 
Line — the Ohio, Pennsylvania, Indiana, and Illinois — each of about 
3,100 gross tons, built at the works of the Cramps Company in Phila- 
delphia, completed during 1872 and 1873. 

The transition, at this time, from wood to iron in shipbuilding gave 
Great Britain a distinct advantage over the United States, owing to the 
fact that she had developed her iron industry by the establishment of 
well-equipped iron mills. 

It was not until 1900 that one half of the merchant vessels built and 
registered in the United States were being constructed of iron or steel. 
The use of steel as a material for shipbuilding having been found 
practicable, it soon displaced iron because of its superior qualities, which 
permitted its use in the construction of vessels of equal strength but 
weighing much less than those constructed of iron. 
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Decadence of American shipping in foreign trade. The period 
between the Civil War and the World War marked a continuous deca- 
dence in our merchant marine in foreign trade, although our coastal and 
Great Lakes fleets showed a gradual but continuous growth. This deca- 
dence was due to the greater cost of operation of American vessels than 
of foreign vessels, brought about largely by the greater cost of ship con- 
struction by the United States as a result of the adoption of iron and 
steel. 

Another transition was in progress in the United States which militated 
against a mercliant marine. The increase in our population, followed 
by the enlarged demands of our domestic markets, the development of 
our great natural resources, the opening of the Western states into new 
farmlands, and the growth of our manufactures and agricultural pursuits 
— all tended to divert the energies of our people away from the sea to 
internal commercial activities and to make them less ship-minded. 

From time to time, numerous efforts were made by Congress to revive 
our shipping by legislation. In the sixties, in the seventies, and again 
in 1891, the Postmaster General was authorized to enter into contracts 
with ship operators for the carriage of mail to foreign ports. While these 
legislative acts brought about the building of a few ships, which were 
operated in foreign trade for a short period, the ventures were not profit- 
able, and the seivices were afterward largely discontinued. Whaling, 
which reached its peak at the beginning of the Civil War, declined 
rapidly thereafter, so that at the present time a whaling vessel under the 
American flag is rarely seen, although this industry under modern 
methods is now extensively carried on by the Norwegians and to a lesser 
degree by other nations. 

First World War period. The First World War gave a tremendous 
impetus to Atnerican shipping and shipbuilding. Immediately upon the 
entry of European nations into the war in 1914, foreign vessels, which 
at that time carried nearly 90 per cent of our foreign trade, were largely 
withdrawn from usual trade routes, and as a result, the United States 
was left without sufficient means to ship its goods to foreign markets. 
The few foreign vessels which were then available for the shipment of 
our domestic products to foreign markets restricted their cargoes to 
those products of which their respective countries were in immediate 
need. Thereby the normal avenues of foreign trade through which our 
exports and imports had been carried during times of peace were, if not 
closed, so curtailed that the products of the industries of the United 
States available for export could not be disposed of. Miles of railroad 
tracks were encumbered with freight cars loaded with products awaiting 
shipment to foreign markets, and many domestic factories were closed 
because of their inability to secure imports necessary to the manufacture 
of their products. These conditions imposed an enormous loss upon the 
people of every section of the United States and made them appreciate, 
as never before, how essential an American merchant marine is for the 
nation^s business. 

When the war had been in progress only a few months, American 
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shipyards received orders for a large number of new ships from both 
American and foreign shipowners. The demand for new tonnage was 
so great that new shipyards were constructed at abnonnal costs, engineer- 
ing and designing staffs were organized, and mechanics whose training 
qualified them to build ships were promptly assembled. 

Realizing the serious lack of American shipping facilities and the 
great financial loss that it was imposing upon the people Congress passed 
the Shipping Act of 1916, the purpose of which was to encourage, develop, 
and create a naval auxiliary, naval rcscrv^c, and a merchant marine, in 
order to meet the requirements of the commerce of the United States 
with its foreign territories and possessions, and with foreign countries, 
and to regulate shipping. To accomplish these purposes, the act created 
the United States Shipping Board. 

The act authorized the Board to form a corporation for the purchase, 
construction, equipment, lease, charter, maintenance, and operation of 
merchant vessels in the commerce of the United States, The total capital 
stock of this corporation was not to exceed $50,000,000, The Shipping 
Board, in compliance with the act, incorporated the United States Ship- 
ping Board Emergenc}’' Fleet Corporation. All the capital stock of the 
Corporation, except qualifying shares of the timstccs, was to be owned 
by the United States. 

On April 6, 1917, the United States entered the First World War and 
immediately thereafter inaugurated a merchant shipbuilding program 
to the maximum of its capacity for the purpose of providing vessels for 
the transportation of food, munitions, and supplies to the seat of war 
and to replace those which had been destroyed by the enemies^ sub- 
marines, mines, and sea raiders. This program to build new ships and 
to operate them was carried on by the Emergency Fleet Corporation 
under the supervision and control of the Shipping Board. 

In 1916, not more than 22 shipyards were building steel seagoing 
vessels in the United States; but in 1918, 211 shipyards were consti-ucting 
such vessels of steel, wood, or concrete. As a result of this shipbuilding 
program, which was not completed until after the close of the war, the 
United States ovmed not less than 2,300 merchant vessels, notwithstand- 
ing that many contracts for tlie construction of merchant vessels were 
canceled by the Emergency Fleet Corporation shortly after the Armistice. 

Period following the First World War. During the First World 
War, industrial plants of the United States had greatly increased their 
facilities. Farmers had increased their output of agricultural products, 
not only by planting new acreage, but also b 3 ’' the use of improved 
machine^ 3 ^ At the close of the war, our industries, including agriculture, 
w'ere producing more than was required for home consumption, and as 
.a consequence, the extension of foreign markets for the sale of surplus 
products became a national problem. Other countries had also increased 
their facilities in man^" lines of industry and were confronted with a 
problem similar to that of the United States in the disposition of their 
surplus. 

Now that the United States owned its large fleet of war-built merchant 
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vessels, the question naturally arose, not use these vessels for the 

carriage of our surplus products to foreign markets, encourage the de- 
velopment of those markets, and thus lay the foundation of an American- 
built and American-owned merchant marine, and thereby reestablish 
the United States in the carriage of a substantial part of its merchandise 
to foreign markets?^^ 

Legislation Affecting the Industry 

Merchant Marine Act of 1920. Congress, aware of the new postwar 
trade opportunity and its importance to our industrial prosperity, enacted 
the Merchant Marine Act of 1920. The United States Shipping Board 
was directed to develop and encourage the maintenance of a fleet of 
American commercial vessels suitable and suflScient to carry the larger 
part of our commodities in foreign trade and to serve as naval or military’' 
auxiliaries in case of national emergency. The Shipping Board soon 
established shipping services in the more important trade routes. Some 
services were operated directly by the board, while others were managed 
privately under contract with the board and later were sold to private 
operators. 

The establishment of new shipping services under the American flag 
coincided with the beginning of a tremendous growth in our foreign 
commerce. Our water-borne business increased continually from S5,985,- 
000,000 in 1922 to $8,129,000,000 in 1929. Measured by volume, our 
overseas foreign trade in 1929 was 108,460,000 long tons, of which 
American vessels were credited vnih. carrying 43,152,000 long tons, or 
about 40 per cent. 

The character of our export trade changed substantially after the First 
World War. Whereas before the war agricultural products constituted 
54 per cent of our export trade, the change in world affairs so altered our 
business that, shortly after the war, 63 per cent of our exports were of 
manufactured and semifabricated materials and only 37 per cent were 
agricultural products. In 1939, the figures were 87 per cent and 13 per 
cent, respectively. 

In the decade following 1929, dislocations caused by political and 
nationalistic policies and the general depression in business that prevailed 
throughout the world affected the export and import trade of all nations, 
our own foreign trade plummeting to the low figure of $2,933,790,000 in 
1932. Inauguration of important trade treaties which tended to offset 
unfavorable tariff barriers and a general improvement in business condi- 
tions throughout the world have since aided the rebuilding of American 
foreign trade, which for the United States, at the end of 1940, aggre- 
gated $6,647,009,000. 

Government aid to shipping. As a public necessity which govern- 
ments over the world have found desirable to support and encourage for 
the general welfare of their citizens, shipping becomes part of national 
policy Exporting and importing are different from other types of 
business because, while it is privately conducted, foreign trade remains 
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national in character and competes with the trade of other nations. Our 
products for sale as well as our necessary purchases must meet the 
challenge of other national groups, many of whom are well-subsidized 
by their governments. The part commercial craft plays in national 
policy and defense became more evident as the European conflict, which 
began in the fall of 1939, was intensified. Efforts to retain our neutral- 
ity by prohibiting our shipping from plying in war zones and the incre- 
ment of our trade with nations not involved in the war show the extent 
to which our vessels and our shipping policies affect our entire business 
life. More enlightened opinion in recent years, which prevailed after 
our sad experiences in the First World War, managed to hold together 
our merchant marine on a fair scale at least, so that, in 1940, approxi- 
mately 25 per cent of our commerce by volume was borne by our ovm 
ships, as compared with less than 10 per cent at the outbreak of the war 
in 1914. 

In the competition between American and foreign merchant vessels, 
the United States suffers severe handicaps because of the greater con- 
struction cost of ships built in the United States, due principally to higher 
labor and material costs reflecting the higher standing of living, as com- 
pared with those built abroad. In the operation of ships, our crews and 
officers are paid much higher wages and are better maintained and housed 
than those of most other nations. The most serious handicaps, however, 
are those of initial ship costs, which determine charges for interest on 
investment, insurance, and depreciation. 

Around 80 per cent of the cost of building an oceangoing vessel is 
involved in wages, which, in the United States, are again by far the 
highest in the world. These wages are directly reflected, not only in the 
cost of work in constructing a vessel in the shipyard, but also in the 
prices paid to makers of material and equipment. Needed materials 
come from every state, and the services of upward of 40 craft-s are used 
in the shipyard. 

Other factors resulting in higher costs of shipbuilding in the United 
States than those prevailing abroad are due to more elaborate owner 
and Government contract and specification requirements, among vdiich 
are greater subdivision of ships, greater safety from fire and other 
increased safety of life-at-sea requirements, more elaborate plans, higher 
cost of inspection, higher costs due to social legislation and other acts of 
Congress, and many others. However, if we eliminate these higher re- 
quirements of American ships and take into account the relative labor 
rates in this country and abroad, shipbuilding costs here compare favor- 
ably with foreign costs. 

American efficiency is fully maintained in the building of ships at costs 
which cannot be compared with those prevailing in mass-production in- 
dustries, such as the automobile industry Shipbuilding is a highly 
specialized industry; automobile building a highlj’' mechanized industry. 
Every ship is a single specialized product, from the time of its inception 
in draft form to the first trial run, wuth never more than a veiy few 
produced from the same plans. Automobiles, on the other hand, are 
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produced in great numbers, sometimes as many as 1,000,000 from the 
same design. Where ships arc constructed in lots of five and six from 
the same design, as occasionally occurs, the average price per ship has 
been reduced from 12 to 15 per cent under the price for one vessel only, 
showing the distinct saving that can be made in the production of any 
article when produced in quantity. 

Ship design. Tlicre has been a great improvement throughout the 
world in the design of ships since the First World War. Improvement in 
ship form and improvement in the design of both main and auxiliary 
machinery have grcatlj^ increased the cfficienc}^ of operation; and while 
the cost of shipbuilding has increased, ship operators are getting a much 
hotter ship with less fuel cost per horsepower, more cubic space per ton 
of displacement, greater safety of operation, and more comfort for the 
officers and crew. The speed of cargo carrying ships has gradually in- 
creased since the war, but with gixatcr econo7nie$ of operation, it is safe 
to say that three skips of the same size can do substantially the same 
amount of \vork as four ships of prc-^19H design. 

Merchant Marine Act of 1928. The art and science of shipbuilding, 
like that of other industries, is continually ^changing. The value of ships 
depreciates with age, to some extent from deterioration and to a greater 
degree from obsolescence. New ships incorporate new requirements and 
greater economics, so that the average useful life of a ship, particularly in 
foreign trade, in competition with the vessels of other nations, is about 
20 years. Any shipping program, therefore, requires a shipbuilding pro- 
gram as well 

While the Merchant Marine Act of 1920 resulted in the creation of 
many new services to foreign markets, it did not offer sufficient induce- 
ment for the construction of new vessels to take the place of the wartime- 
built siiips that were gradually obsolescing and to compete with the 
more modern vessels of other nations that were being built from year to 
year. Congress recognized the importance of this situation and, to en- 
courage the building of new vessels, passed the Merchant Marine Act of 
1928, which contained two very important provisions for the upbuilding 
of the American merchant murine. 

To compensate them for services in foreign trade, owners were awarded 
contracts under the provisions of this act to carry mails in foreign-trade 
routes for a period of 10 years, as an aid in overcoming tlie differential 
in operating costs between American and foreign ships and to encourage 
the construction of new tonnage. These ocean-mail contracts required 
the building of a certain minimum of new modern vessels or the thorough 
remodernizing of old ones. 

To encourage the construction of ships, the act increased the Construc- 
tion Loan Fund created by the act of 1920 and liberalized its provisions. 
The Shipping Board was allowed to lend money to owners for building 
purposes at low rates of interest up to three quarters of the cost of new 
construction. 

Under the provisions of the act, 31 high-grade combination passenger 
and cargo vessels, as well as 9 tankers and 2 seatrain carriers, were con- 
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structed, forming a real nucleus of highly efficient vessels for our American 
merchant marine, although these vessels entered sendee at the depth of 
the world depression prevailing during much of the past decade. 

The aids granted by the 1928 act, particularly the mail-contract pro- 
visions, were similar in character, though more liberal, than those pro- 
vided by the Postal Aid Law of 1891 or the much earlier act of March 3, 
1845, and were what is known as “indirect aids'^ rather than a direct 
subsidy for building and performance. There was much criticism of the 
1928 act by certain members of Congress because of this fact and also 
because of a weakness in the act in that it did not encourage the con- 
struction of vessels of the cargo-carrying type. This criticism resulted in 
the passage by Congress of the Merchant Marine Act of 1936. 

On June 10, 1933, by virtue of the authoritj’' granted him by the act 
of March 3, 1933, the President of the United States ordered that the 
functions of the Shipping Board be transferred to the Department of 
Commerce and that the United States Shipping Board be abolished. A 
Shipping Board Bureau in the Department of Commerce was organized 
to care for financial and policy merchant-marine affairs until the passage 
of the act in 1936, which provided for the creation of a Maritime Com- 
mission to cany’- out its provisions. 

The Merchant Marine Act of 1936. The act of 1936 provides two 
distinct subsidies in aid of merchant shipping in foreign trade. The first 
is a subsidy under which the Government pays the difference between 
the cost of a vessel built in the United States and a vessel built abroad 
for similar service, so that the cost of new construction to the owner is 
the foreign cost as nearly as can be determined by the Maritime Com- 
mission. In addition, the Government can pay to ship operators under 
the act a subsidy sufficient to overcome the difference in the operating 
cost of an American vessel over the cost of operating a foreign vessel in 
the same or similar trade routes. 

The act pro\ides also for a cancellation of existing mail contracts with 
ship operators, for the adjustment of claims thereunder, and for new 
operating contracts. It also requires the Maritime Commission to de- 
termine what additions and replacements are required to carry out the 
national policies declared in the act, and it directs the commission to 
study, perfect, and adopt a long-range program for replacements and ad- 
ditions to the American merchant marine. 

The act authorizes the Maritime Commission to build vessels on its own 
accoimt for sale or charter to private owners and to encourage private 
owners to build for their own accoimt under the provisions of the act. 

In order to accomplish the purposes of the act, the Maritime Commis- 
sion started a building program which, in conjimction with some vessels 
being built for private operators with Government aid, aggregated a total, 
as of June 1, 1941, of 705 commercial vessels of the passenger, combina- 
tion, cargo, and oil-tanker types. This program has been advanced be- 
cause of the national emergency existing. The U. S. Maritime Com- 
mission's regular program does not include a large number of standard 
type cargo vessels (known as the Liberty Fleet) now under construction 
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for aid to Groat Britain. The general characteristics of some of the 
types of vessels building under this program are as follows: 

Taiux II 


MEASUREMENT, TONNAGE, SPEED, AND PASSENGER CAPACITY 
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The construction program of the Alaritimc Commission at this time 
creating a fleet of up-to-date commercial vessels — mostly of the cargo 
type, which arc badly needed — should place the United States, at the end 
of the present unr, in a good position to cany on and to hold its impor- 
tant export and import trade. 

Effect of registry laws upon shipping. Prior to the passage of the 
Panama Canal Act of August 24, 1912, and of the Ship Rcgistiy Act of 
1914, no foreign -built vessel, unless ^YYecked on the shores of the United 
States and repaired in this country, at a cost of not less than three times 
the salvaged value of the vessel, captured in war, or forfeited for breach 
of our laws, could be registered under the American flag and engage in 
either our foreign or coastwise trade. 

There has never been any restriction against *a vessel built abroad 
and ouTied by an American citizen operating under a foreign flag eitlier 
in American foreign trade or in any other foreign trade. Probably with 
this thought in mind, Congress, in enacting the Panama Canal Act of 
1912, which is still in force, included a provision permitting any foreign- 
built merchant vessel not over 5 years old to be placed under American 
registry, to fly the American flag, and to engage in our foreign trade. 
Under a provision of the act of 1914, the 5-year limitation was stricken 
out, and now any foreign-built vessel, regardless of age, can be placed 
under the American flag and operated in foreign trade. 

As a war measure, in 1917, Congress opened our coastwise trade to 
foreign-built vessels, but closed it again in 1920. Under the Merchant 
Marine Act of 1920, however, all foreign-built vessels admitted to Ameri- 
can registry and owned on February 1, 1920, by citizens of the United 
States may engage in the coastwise trade as long as they continue such 
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ownership, subject to the rules and regulations of such trade. This legis- 
lation had a serious effect on the shipbuilding industry, as it provided 
for admission to the coastwise trade for operation throughout their life- 
time of approximately 970,000 tons of foreign-built vessels. 

With these exceptions, however, foreign-built vessels are, under the 
act of 1817, still prohibited from engaging in our coastwise trade. 

The Merchant Fleet of the United States 

Shipping (1940). The merchant fleet of the United States consists of 
vessels engaged in foreign, coastwise, Great Lakes, and river trades. 
Coastwise shipping includes both coastal and intercoastal shipping. In 
addition to large vessels for seagoing and Great Lakes services, there are 
also large numbers of miscellaneous craft, such as tugs, barges, lighters, 
carfloats, and other types in the merchant marine. 

The total tonnage of merchant vessels, each of 100 gross tons or over, 
in the seagoing and Great Lakes services, together with idle tonnage 
under the American flag, as of July 1, 1939, was 11,874,384 tons. 

Of the larger vessels which constitute the major part of the seagoing 
merchant marine (excluding the Great Lakes), each of 1,000 gross tons 
or over, there were a total of 1,192 vessels of 7,051,298 gross tons imder 
the American flag as of March 31, 1941, of which 68 vessels of 326,230 
tons were idle at that time. Of the active fleet, 415 vessels of 2,576,884 
gross tons were in the foreign trade and 706 vessels of 4,115,048 gross tons 
in the coastwise trade. Included in American shipping is the American 
oil-tanker fleet of approximately 365 vessels of 2,634,393 gross tons, rep- 
resenting about one fourth of the world’s tanker tonnage. Seagoing ves- 
sels of all types are important as a factor in national defense. The tanker 
fleet is a necessary adjunct to our fleet of both Government and com- 
mercial vessels, as it is necessary to supply huge quantities of liquid fuel 
in constant volume to customers. 

The motive power of American seagoing vessels is of several types, 
such as reciprocating engines, steam turbines, Diesel engines, electrical 
propulsion, and combinations of tlie above t3rpes. Reports of shipbuild- 
ing during the past few years indicate a gradually increasing percentage 
of tonnage of ships fitted with Diesel engines, the actual percentage 
being higher abroad than in the United States. The world tonnage of 
seagoing vessels (100 tons and over) under construction on July 1, 1939, 
was about as follows: 

, Number of Tonnage in 

Vessels Gross Tons 


Steamers 290 1,221,612 

Motor ships 410 1,624,707 


Great Lakes shipping. Vessels xmder the American flag in service 
on the Great Lakes as of April 1, 1940 numbered 447 vessels, aggregating 
2.373,911 gross tons. Of these, all but 13 are fitted vnih reciprocating 
engines, while 4 that were recently built are fitted with steam turbines. 
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These vessels are largely for the carriage of iron ore, coal, grain, and 
other bulk commodities. Some of them exceed 600 feet in length and 
can carry over 13,000 tons of cargo. The entrance of vessels from the 
ocean to the Great Lakes, or passage from the Great Lakes to the ocean, 
is controlled by the size of the canal locks through which such vessels 
have to pass. The limit in size at the present is for vessels with an 
over-all length of 261 feet, a beam of 43 feet, 6 inches, and a draft of 
about 13 feet. 

Trade on the Great Lakes between United States ports is domestic, and 
that between ports of the United States and Canada is foreign. Great 
Lakes trade is seasonal, opening in March or April and continuing until 
ice forms on the upper lakes in November or December. It is estimated 
that the total water-borne domestic trade on the Great Lakes in 1938 was 

82.500.000 short tons, valued at about §1,338,000,000, and the trade with 
Canada was about 15,820,000 short tons, valued at about §176,160,000. 

River shipping. With the development of the West, river shipping, 
particularly on the Mississippi and Ohio Rivers, increased rapidly In 
the early days, the great bulk of trade moved downstream. Barges — 
including flatboats, arks, broadhorns, and other nonpropelled vessels — 
floated donmstream with the current, using side sweeps with a long oar 
in the stern for steering. The flatboat was the type most extensively 
used. It was about 40 feet long and was handled by oars. At the end 
of the Journey, the flatboats were broken up and sold for lumber. 

Notwithstanding the general use of the flatboat, it was reported that, 
in 1808, there were about 25 or 30 barges in operation, making usually 
one round trip per year on the Mississippi River. These barges carried 
from 40 to 100 tons of freight, descended with the current, and were 
worked upstream by various devices, such as oars, poles, tow ropes, sails, 
animal towage, and other methods. The cargo carried on the return trip 
consisted of only a few barrels of coffee or, at most, 100 hogsheads of 
sugar. The trip downstream, from Pittsburgh to New Orleans, was ac- 
complished in about 1 month, whereas the trip upstream took from two 
to three times as long. In the year 1811, it was estimated that there 
were more than 300 keelboats (boats propelled by push poles) on the 
Ohio River and its tributaries. These boats were pointed at bow and 
stern, were from 12 to 15 feet in width and about 50 feet long, and carried 
from 20 to 40 tons of freight, well protected from the weather. The crew 
consisted of from 6 to 10 men besides the captain. 

It is reported that one steamer, in the year 1816, passed no less than 

2.000 miscellaneous floating craft other than steamers on its trip from 
Natchez to Louisville. 

The number of steamers on the Western rivers increased rapidly from 
1820. It is estimated that, in the year 1855, there were 750 steamers 
afloat on these rivers. The construction of railroads throughout the 
West from 1840 to 1860 caused a decline in the development of shipping 
on the Western rivers. At this time, a number of railroads were in com- 
petition witli each other, and freight rates were cut indiscriminately. 
The railroad competition became so severe that, in the year 1877, the 
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principal trunk-line earners entered into an agreement fixing freight rates 
to the Atlantic ports. The stabilization of rates again encouraged traffic 
on the Mississippi. 

The use of steam-packet boats on the Ohio and Mississippi was at its 
height just preceding the Civil War. Packet boats were driven either 
by stern or by side wheels. In the seventies and eighties, boats having a 
length of about 200 feet were frequently built for river sendee. 

On the Ohio River, traffic in coal, which was the major towing opera- 
tion, was in its infancy in 1850 and reached its height from 1880 to 1905. 
Coal was towed in barges, and records of 1882 show that these tows below 
Louisville frequently carried as much as 25,000 tons. 

Barges are now generally constructed of steel and are from 800 to 1,000 
tons capacity. Covered barges are used for transporting steel, cement, 
and miscellaneous freight. Specially constructed tank barges are used 
for the carriage of oil and gasoline. 

The deepening of channels and other improvements to the inland water- 
ways have greatly increased the opportunities for inland-waterway trans- 
portation, so that, in recent years, great numbers of barges and other 
river craft have been built. It is estimated that, in the year 1938, the 
total w^ater-bome commerce on the rivers, canals, and connecting chan- 
nels aggregated about 277,755,000 short tons and was valued at about 
$5,657,887,000. 


Modern Vessels 

Types, size, and speed. Present-day seagoing vessels of large size 
are constructed of steel and are self-propelled by steam reciprocating 
engines, turbines, internal-combustion engines (commonly Imown as 
^^Diesels”) , or by a combination of steam and electric or Diesel and elec- 
tric power. Until 1900, about one half of the tonnage of the United 
States merchant fleet was still operated by sail power. It is interesting 
to note the increase in the size of vessels during the past 25 years. In 
1914, there were around* 24,400 steam and motor ships in the world, ap- 
proximating 45,400,000 gross tons. In 1939, this number had increased 
to 29,800 ships, with a tonnage of almost 68,500,000 gross tons, showing 
that the average size of ships had increased from about 2,000 gross tons 
each in 1914 to about 2,500 tons each in 1939. 

Owing to the use of oil instead of coal in steam installations and to a 
greater use of Diesel machinery, the demand for oil has increased to such 
an extent that the world fleet of oil tankers at the present time is upward 
of 12,000,000 gross tons, as compared with 1,500,000 in 1914. 

Present-day construction of wooden vessels for seagoing commercial 
purposes is very rare. While many small ships of wood were built during 
the First World War period, only a few were ever used, and all have 
since been converted into barges or have been scrapped. Although the 
wood sailing vessel first established American maritime power, it is only 
in the field of racing that our sail craft make modem records. We have 
consistently captured the greatest of yachting prizes since 1857, the 
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America cup. The oceans and lakes arc evidence that, for pleasure, the 
wooden sailboat is still much witli us. On smaller inland waters, power- 
boats — more than 200,000, some of wood and some of metal — take preced- 
ence in numbers over sailboats. Together they keep America interested 
and enthusiastic about her seas and rivers and lakes. 

The trend in the constniction of passenger vessels has continued in 
recent years toward greater size, higher speed, and more comfort. The 
first outstanding modem vessels of gieat size, the Mauretania and the 
TAisitania, over 750 feet long and capable of a speed of 25 knots, were 
built in England in 1907. These were followed, before the First World 
War, l)y Gorman and other British vessels and, after the war, by the 
Bremen and built in Germany and placed in operation in 1932, 

later by the Bex and Conic di Satma, built in Italy, and still later by the 
Queen Mary and Queen Elhabeth, built in Great Britain, and the Nor'- 
mandiCi built in France. Some of these later vessels exceed 1,000 feet in 
length. The three largest arc the Queen Elizabeth, of 85,000 gross tons, 
1,031 feet in length, and with a beam of 118 feet; the N ormandie, of 
83,423 gross tons, 1,029 feet, 4 inches in length, 36 feet, 7 inches in depth, 
and with a beam of 117 feet, 9 inches; and the Queen Mary, of 81,235 
gross tons, 1,019 feet, 6 inches in length, 38 feel, 9 inches in depth, and 
wdth a beam of 118 feet. The greatest speed of the Queen Mary east- 
bound was 31.69 knots August, 1938, and westbound in the same 
month 30.99, with the highest day’s run 738 miles, averaging 32.07 knots. 
This is somewhat in excess of the highest run recorded by the Normandie. 
The average Annual Conference Speed in 1938 was 29.11 knots for the 
Queen Mary and 28.77 for the Normandie. While the latest of the large 
vessels, the Queen Elizabeth, has made a western crossing of the Atlantic, 
at this writing, she is not yet engaged in regular transatlantic sendee. 

The largest commercial passenger vessel to be b\nlt in the United States 
is the rinmrica. It is of 24,800 gross tons, 723 feet in length, 93 feet, 3 
inches beam, and 45 feet 4^/^ inches depth, and is designed for an average 
sea speed of not less than 22 knots. This vessel was completed in June, 
1940. 

The trend in cargo-vessel construction is toward higher speeds, better 
ship forms, higher efficiency of machinerj^ and added comfort for officers 
and crew. The average speed of cargo vessels before and during the 
First World War period was from 10 to knots, while the speed of 
cargo vessels recently built or now being built ranges, in general, from 
to IGV 2 knots. As the speed increases, the cost naturally increases 
because of heavier and more powerful machinery. 

In both passenger and cargo vessels of recent design, great attention 
has been given to increased safety, not only in the subdivision of the 
ship so as to make it as nearly unsinkable as possible, but in protection 
against fires and in bettor navigating equipment, in improved wireless 
apparatus enabling a ship in distress to communicate its location quickly 
to other ships on the sea, and finally, in the event of a catastrophe, in 
more and better means for abandoning the ship, 
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Welding. The introduction of welding has brought about great 
changes in the methods of ship construction. The decade from 1930 to 
1940 has witnessed marine -welding, first in its experimental stage, and 
then in its gradual extension to barges and seagoing ships of smaller size, 
until in 1940, ships of upward of 500 feet in length are being completely 
welded. Welding has brought about a reduction in weight of the ship 
itself, which is another factor in cheapening the cost of operation; and it 
is anticipated that, with more exT)erience, welding will ultimately decrease 
the labor cost of construction. 

On June 30, 1939, about 57 per cent of the gross tonnage of vessels 
under construction were those to be driven by internal-combustion en- 
gines, known as ^hnotor ships, and 43 per cent to be driven, directly or 
indirectly, by steam propulsion, termed “steamships.” 

Shipbuilding as a National Utility 

National need of shipbuilding and ship-repair yards. The shipyards 
of the United States are a national asset, and in order to be available in 
a time of national emergency, they must be kept in efficient operation at 
all times for the construction of both merchant and naval vessels. Their 
necessity was confirmed by the lack of shipbuilding facilities during the 
war of 1914 to 1918, first while the United Statffe was a neutral, and more 
emphatically after the United States had become a belligerent. It is a 
lesson which America should never forget. During that period, it became 
necessaiy for the United States to inaugurate its great emergency ship- 
building program for the construction of both merchant and naval vessels 
under abnormal and expensive conditions. Since the Tirst World War 
and up to a year ago Government navy yards hai^ constructed about 
one' half of all United States naval vessels. Under the present emer- 
gency, however, private shipbuilding industry has been called upon to 
build about 80 per cent of the naval vessels now under construction. 

Shipbuilding is a highly specialized industry, and its natm-e is such 
that it requires the maintenance of a large staff of technical employees 
for the preparation of ship designs, who must keep abreast of the art and 
science of shipbuilding not only in the United States but throughout the 
world. The mechanical trades must also be composed of men of ex- 
perience and training in shipbuilding practices, and it is possible to have 
shipbuilders and a shipbuilding industry in readiness in time of need only 
by keeping the industry in an efficient operating condition at all times. 
At the end of the first quarter of 1941, there were about 100,000 men 
employed in the private shipyards and ship-repair plants of the United 
States on new construction and repair work, and at least an equal number 
in allied industries producing shipbuilding material and equipment. 
Taking into account the building and repairing of naval vessels in Gov- 
ernment navy yards, together with those in the private shipbuilding indus- 
try and in the allied industries, there are, at the present time, approxi- 
mately 400,000 people employed in private shipyards, Government navy 
yards, and allied marine industries. In the shipyard, where the fabrica- 
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tion of a vessel is carried on, there are at least 24 mechanical trades re- 
quiring skilled labor in large volume. Many more trades are employed 
in smaller numbers and, in addition, much unskilled labor is required. 

Although war again holds the stage in Europe, American shipyards are 
not in the unfortunate position they were in 1914 but, staffed with highly 
efficient organizations, are actively engaged in a large building program 
for both the Navy and the merchant marine. 

Shipyards for building seagoing vessels must be located adjacent to deep 
water and usually exist, therefore, at or near principal shipping ports, the 
10 most important of which in 1940, in the order of the value of goods 
passing through them were: New York, Detroit, New Orleans, Buffalo, 
Baltimore, Philadelphia, Galveston, Los Angeles, San Francisco, and Bos- 
ton. 

There are 89 private shipyards in the United States now engaged in the 
building of naval and seagoing commercial vessels, 46 on the Atlantic 
Coast, 11 on the Gulf Coast, 21 on the Pacific Coast, and 11 on the Great 
Lakes. Seventy of the shipbuilding companies are engaged in the 
building of naval vessels. There are 8 Government navy yards in the 
United States — 6 on the Atlantic Coast and 2 on the Pacific Coast — en- 
gaged at the present time in the building of naval vessels. 

According to a recent survey by the National Council of American 
Shipbuilders, there are 286 active shipbuilding ways in the United States, 
each of 300 feet or more in length, suitable for building seagoing vessels 
and 12 otlier ways that can be made quickly available for that purpose. 
In addition, there are ample building ways on the Great Lakes and the 
great rivers to meet the demands for ships on those waterways. The 
map of the United States herein reproduced shows those states on the 
seaboard, on the Great Lakes, and on the great rivers that have active 
shipyards. It is interesting to note that states having shipbuilding facili- 
ties contain 88 per cent of the population and 57 per cent of the area of 
the country. 

All of the principal ports in which merchant vessels enter and clear 
have ship-repair yards adequate to repair and recondition merchant 
vessels. It is, of course, essential that these repair facilities be readily 
available near the port where vessels discharge or load cargo, so that 
repairs may be quickly made and avoid delay in sailing schedules. 

Entirely aside from its value as a national utility, shipbuilding is an 
important industry which gives employment directly and indirectly to 
large numbers of people well distributed throughout the United States. 
Among the industries supplying shipbuilding material and equipment are 
those making steel, propelling machinery, electrical apparatus, Diesel 
engines, boilers, auxiliary and deck machinery, pumps, lifeboats and their 
equipment, copper and brass products, iron and steel castings, galley and 
pantry equipment, fire-fighting equipment, plumbing fixtures, navigating 
instmments, heating units, interior decorations, furniture, woodwork, spe- 
cial paints and varnishes, canvas and deck coverings, safety devices, and 
radio and other instruments; and each one of the industries supplying such 
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commodities makes a demand on other industries for the products they 
use in the manufacture of materials and equipment. 

In building the large passenger liner Aviericaj at least 275 business or- 
ganizations in the United States received orders for material and supplies 
entering into its construction. Transportation charges on materials used 
in ship construction are estimated to amount to from 4% to 5 per cent of 
the ship^s cost. 

The accompanying chart shows the value and approximate distribu- 
tion of the shipbuilding materials and equipment used in a §75,000,000 
program for the construction of new merchant vessels of numerous types. 
(The figures can be expanded or reduced to fit any given program.) 

Manning of the vessels documented in^the United States requires the 
service, at the present time, of approximately 200,000 men, of whom some 
23,000 are employed on vessels engaged in foreign trade, excluding long- 
shoremen, warehousemen, dockmen, Government employees, and others 
directly connected with marine personnel. It is estimated that our water- 
borne foreign commerce gives employment to 250,000 wage earners. 

Modern Shipbuilding 

Operation of a modern shipyard. The first step in building a ship is 
the preparation of designs, which requires a staff of experienced naval 
architects, engineers, and draftsmen. When the designs are sufficiently 
advanced, schedules for ordering and delivering the materials are pre- 
pared and the materials are ordered. The building ways on which the 
vessel is to be constructed are now made ready. 

Steel material is needed first in the construction of a vessel for its 
frames, beams, and plating. From the designs, which are developed in 
the drafting room, full-size wood or paper patterns are made of the 
various pieces of the ship^s structure. The steel parts are shaped to fit 
these patterns. 

Wlien the steel parts are completed in the shops, they are assembled 
on the ship in readiness for riveting or welding. Welding instead of 
riveting, as now extensively used in building vessels of all types, has 
resulted in the elimination of much heavy shop machinery, as well as air- 
compressor and pneumatic-tool equipment. 

Patterns are made from machinery designs for the necessary castings. 
These, along with forgings and other miscellaneous purchased material, 
are ordered, and the building of machinery begins upon their receipt. 

When the ship's steel structure is sufficiently advanced, the installation 
of special supports, auxiliary machinery, piping systems, electrical wiring 
and accessories, insulation, lighting, and ventilation is begun. Modern 
vessels have very little woodwork, partitions between rooms being either 
of steel or noncombustible material. "WHien the structural work is ad- 
vanced nearly to completion, the vessel is launched, whereupon the main 
propelling machinery and other heavy weights arc put aboard and fitted 
into place. Furniture, equipment, and outfit'' are then placed on board, 
and interior painting and decoration are finished, then, when the machin- 
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ery installation is completed, the vessel is given a machineiy trial along- 
side dock, and later a trial trip is conducted at sea to test the efficiency 
of the machinery and seaworthiness of the ship. After satisfactory trials 
and any post-trial adjustments, the vessel is ready for delivery. 

During all stages of construction, the materials and the work itself are 
inspected by the owner and representatives of the classification society 
and also by representatives of the various Government bureaus concerned 
to assure that the rules and regulations prescribed by law for the building 
of vessels are carried out. 

Every conceivable method to increase shipyard efficiency has been 
studied, and tliose judged sound have been adopted, often at great ex- 
pense. In the field of research, continued important results have been 
developed from many sources, outstanding among which are model-tank 
tests. At the present time, the largest and most up-to-date model tank 
in the world for testing ship models and propellers is in operation at 
Carderock, Maryland. 

Shipyard organizations for the conduct of w^ork with expedition and 
economy are vrorked out in great detail, particularly in those shipyards 
building vessels of the larger size. Plans, complete in every detail, show- 
ing the work to be performed are prepared. In the smaller shipyards, 
devoted wholly to the building of vessels of small size, the organizations 
are less complicated, much being left to the judgment of foremen and 
mechanics directly employed on the work. 

Some shipyards build their own machinery; others purchase it from in- 
dustries specializing in machinery building. Because of the great variety 
of work involved in the building of a vessel, an adequate shipyard layout 
necessitates buildings covering a large area, outfitted with many kinds of 
machiner}’', cranes, hoists, and other handling facilities. In addition, the 
shipyard must have one or more wet slips, or berthing spaces, with water 
of sufficient depth to permit a vessel, after launching, to lie alongside the 
dock and to be kept free from grounding. 

Financing ship construction. In the construction of merchant vessels 
for a private oumer, when financial relations with the Government are not 
involved, the matter of financing the undertaking is entirely between 
owner and builder, the owner making payments as the w^ork proceeds, in 
compliance with the terms of the contract. 

Under contracts in which tlie Government aids in the construction of 
vessels, under the provisions of the Merchant Marine Act of 1936, the 
Government pays the difference between the cost of building the vessel in 
an American shipyard and the estimated cost of building a vessel of the 
same design in a foreign shipyard, and the o\sTier finances at the time of 
building not less than 25 per cent of the price he pays for the vessel 
(foreign cost) and pays off the balance, with interest, in 20 annual in- 
stallments. The Government's security in the vessel is a first mortgage 
upon it. Vessels constructed with Government aid arc required to be 
built so that they may be readily converted into naval or military 
auxiliaries. To accomplish this purpose, the plans and specifications arc 
submitted by the Maritime Commission to the Secretary' of the Na\y for 
his approval. 
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Classification, inspection, admeasurement, and registration. As a 
gimraniy that vessels arc strongly and correctly built and as an aid to 
securing the minimum rate of insurance upon the cargo they are carrying, 
it is obligatory, where vessels are built with Government aid, that they 
should comply with the rules of the American Bureau of Shipping, a 
classification society. Sliips built b}" private ouiicrs arc also usually 
classified. There arc several classification societies, among which, in ad- 
dition to the American Bureau of Shipping, is the British Lloyd^s Register 
of Shipping, the French Bureau Veritas, and others. Nearly cveiy mari- 
time country has a classification bureau of its own, and any one of them 
will generally classify the vessel of another nation if so desired. These 
societies arc well versed in the practices of ship construction and not only 
issue rules for the construction of hulls and machinery", together with re- 
quirements for certain periodic surveys to insure that ships are properly 
maintained to retain their assigned classifications, but also publish 
registers giving particulars of vessels and their classification. 

The American Bureau of Shipping has iLs headquarters in New York 
City. This classification society is a nonprofit organization, with rep- 
resentatives of shipowners, underwriters, and shipbuilders on its board 
of managers. To cany out the work of the society, which emphasizes 
the testing of material and the supciTision of hull and machiner}^ con- 
stniction, the bureau maintains a competent staff of sur\^cyors in all the 
principal ports, both at home and abroad. 

It should be underijtood that classification of a vessel is entirely 
optional on the part of a shipowner. Some vessels arc built without 
classification, but this is usually in cases where an owner carries his omi 
insurance and assumes all risks. 

As a requirement that vessels shall not be overloaded, the Congress of 
the United States, in 1929, enacted the United States Load Line Law for 
vessels engaged in foreign trade by sea. This law became effective on 
September 2, 1930, and while its enforcement is under the jurisdiction 
of the Secretary of Commerce, he has appointed the American Bureau of 
Shipping to determine whether the position and manner of marking the 
load line or lines on vessels are in accordance with the act and the regu- 
lations established thereunder. 

Inspection. As a guaranty for the safeguard of passengers and crew, 
vessels must be built to conform to the general rules and regulations 
prescribed by the Bureau of Marine Inspection and Navigation, Depart- 
ment of Commerce. This service issues licenses to personnel, prescribes 
the numbers of ofEcers and crew a vessel shall carry, the requirements for 
bulklioading, marine boilers, lifesaving equipment, fire-fighting equip- 
ment, and some other items, and inspects materials and vessels during the 
building to see that they conform to these requirements. Vessels are also 
inspected periodically after they arc built to see that lifesaving equip- 
ment and boilers arc kept in satisfactory condition for safe operation. 

Americans safety record in water-borne passenger travel stands unchal- 
lenged in the 10 years from 1924 to 1933, inclusive. The Bureau of 
Marine Inspection and Navigation reports that, during the above- 
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mentioned period, on vessels required by law to report the number of 
passengers carried, only 1 passenger was lost for every 10,668,118 carried, 
and that in the 10-year period from 1930 to 1939, inclusive, only 1 
passenger was lost for every 9,391,021 carried. During the period subse- 
quent to the passing of the new maritime legislation — ^that is, from June, 
1935, to June, 1940 (estimated number of passengers carried in 1940, 
200,000,000) — but 1 passenger life has been lost due to casualty, while 
the merchant vessels of the United States during this period have carried 
1,307,505,424 passengers. 

All commercial vessels are subject to other inspections from the draft- 
ing board to final delivery. The jMaritime Commission, the N'a\y De- 
partment, the Public Health Service, the Department of Commerce, the 
classification bureaus, the ovmer, and other organizations pass on design 
and inspect ships during building. These precautionaiy measures add 
greatly to cost before deliveiy but insure adherence to specifications and 
the genuine quality of all components. 

Admeasurement, As a prerequisite to documentation (register, en- 
rollment, or license) , vessels are admeasured to determine their gross and 
net tonnages, one of which may be the basis for the collection of port 
dues, pilotage, dockage, canal tolls, navigation fees, and so forth. Upon 
a ship’s tonnage is also based the amount of certain lifesaving equipment. 
In addition, crew spaces are measured to determine the number of men 
that may be berthed therein. Admeasurement is under the jurisdiction 
of the Bureau of Marine Inspection and Navigation, in the Department 
of Commerce, and a vessel’s net tonnage (in tons of 100 cubic feet each) 
is required to be marked in a prescribed location on the vessel. 

Documentation. There is no affirmative statutory requirement that 
vessels built in and owned by citizens of the United States be documented 
as vessels of the United States. However, under this country’s naviga- 
tion laws, for vessels to be entitled to the rights and privileges of United 
States vessels, and to engage in foreign and domestic commerce, it is 
necessaiy that they be documented as vessels of the United States. 

The documents which are issued to vessels are of five forms: register, 
enrollment and license, license, enrollment and j^acht licenses, and yacht 
license. A registered vessel may engage in trade with foreign countries, 
in the coastwise trade, and also in the whale fisheries. An enrollment 
and license permits a vessel of 20 tons and over to engage in the business 
stated thereon, which may be either the coasting trade, mackerel fishery, 
cod fishery, or coasting trade and mackerel fisherj’. A license permits a 
vessel of less than 20 tons to engage in the business stated thereon, which 
ma}’' be either the coasting trade, mackerel fishery, cod fishery, or coast- 
ing trade and mackerel fishery. An enrollment and yacht license 
authorizes a vessel of 20 tons and over, used exclusively for pleasure, to 
proceed from port to port in the United States and to foreign ports with- 
out entering or clearing at the customhouse. 

Yachts or boats used exclusively for pleasure of 16 gross tons or over 
may be documented.' Yachts of 5 net tons or over and less than 16 gross 
tons may, if the ovTier so desires, be registered prior to visiting a foreign 
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country, and any yaclit to such register has been issued becomes 

siibjecl immediately to all foes required of any other registered vessel. 
Vessels which arc not used exclusively for pleasure and which are of 5 
net tons or over must be documented. 

Those vessels which arc required by statute to be annually inspected 
must produce a valid certificate of inspection as a condition precedent 
to documentation. 

No vessel having at any time acquired the lawful right to engage in the 
coastwise trade, cither by virtue of having been built in or documented 
under the laws of the United States, and later sold foreign in whole or in 
part, or placed under foreign xegistiy, can be redocumented as a vessel of 
the United States to engage in the coastwise trade. These vessels, to- 
gether with forcign-buill vessels, can only be documented to engage in 
trade with foreign countries or with the Philippine Islands and the Islands 
of Guam, Tutuila, Midway, Wake, and Kingman Reef. 

Insurance of vessels. During tlic construction of a vessel, the builder 
carries what is known ns '^builder’s risk insurance, and after tlie vessel 
is delivered, the o^\mcr carries the insurance on the vessel during its life- 
time. As the amount of insurance on a vessel is large, it is generally 
carried by several companies and reinsured by them wuth other com- 
panies, so that, if a loss occurs, it is distributed and too great a burden 
is not imposed on any individual insurance company. 

Capital investment in the shipping industry. There arc no autlicntic 
figures as to the capital invested in the shipping industry of the United 
States. It is a large amount, as evidenced by the fact that a sum of 
about §3,000,000,000 was expended for merchant vessels during the Pirst 
World War, although prices, because of the war, were abnormally high. 
E.\isting sliips vaiy in age and depreciate j^enrly, and they are distrib- 
uted over so many companies that accurate information as to their value 
is A’^ery difiicult to obtain. The same is true as regards im^estment in 
the shipbuilding and ship-repairing industries. 

An enormous investment is also represented by the doclcs, piers, ware- 
houses, handling facilities, and railroad terminals, as well as by the work 
of dredging channels and constructing and maintaining lighthouses, light- 
ships, and the many otlier items incident to and required for tlie safe, 
expeditious, and economical operation of shipping. 

Future of the Industry 

The future of tlie shipping industry in the United States depends upon 
the country's needs for trade, both domestic and foreign, and also upon 
the needs for shipping as naval and other Government auxiliaries. ^ The 
coastwise trade, both coastal and intercoastal, is restricted to American- 
built vessels and is a domestic problem. It is, of course, in competition 
with railroads, motor trucks, motor buses, air lines, and pipe lines; but, 
for long hauls, it is cheaper than these other means of transportation. 
The importance of coastwise shipping insures its maintenance in substan- 
tial volume, with the assurance of replacement as vessels become ob- 
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bolcscent. The continuance of American shipping in foreign trade re- 
quires the continuance of Government aid as long as prevailing wage 
rates in the United States are higlier than those abroad. The European 
war now under way lias reemphasized the importance of American ships 
in our foreign trade if the foreign markets for our products arc to be 
readied in a time of emergency. 

The preamble to our Merchant I^Iarinc Act of 193G rcafiirms in general 
the policy declared in the acts of 191G, 1920, and 192S, namely, that the 
United States should have a merchant marine sufficient to cany its do- 
mestic and foreign wntcr-bonic commerce in American-built sliips. At 
the present time, 1941, the percentage of American goods in foreign trade 
carried in American vessels is about 25 per cent by volume. 

The people of the United States now generally recognize the need for 
an Arnerican-built and American-operated merchant marine. Their ex- 
perience in two great wars has shown them that an adequate merchant 
marine under the American flag is indispcnsible to the countiy*s general 
welfare, and the countiy recognizes that its economic, political, and in- 
dustrial position is determined to a great degree by its place upon the 
seas. 'Wholehearted support of American shipping through its patronage 
b}" the American traveling public, the exporter, and the importer is a 
deciding factor in the successful operation of any merchant marine. 

Definitions of Shipping Terms 

Trade: Water-borne trade only is considered in this chapter. 

(1) Direct foreign trade: Trade of the United States with another 
country carried on by the vessels of either country. 

(2) Domestic trade: Trade between ports of the United Stales or 
between ports of the United States and ports of its possessions. Witli 
the exception of trade with the Philippines and Virgin Islands, ocean- 
borne domestic trade is knotvn as ‘^coasUvise trade.’* Between two 
ports on the same coast, it is called “coastal trade*’; between a port on 
the East Coast of the United States and a port on the West Coast, 
“intercoasial trade ” Other domestic water-borne trade is on the Great 
Lakes, inland rivers, canals, bays and sounds, and harbors. 

(3) Foreign trade: Trade of the United States and of its possessions 
with foreign countries. 

(4) Indirect foreign trade: Trade of the United States with another 
country when carried by the vessds of a third count^J^ 

Knot : A measurement of speed in nautical miles per hour. By popu- 
lar usage, a nautical mile is 6,080.27 feet, or about I 14 statute miles. 

Tonnage: There are several kinds of tonnage used in shipping. 
Unless otherwise stated, ton equals 2,240 pounds. 

(1) Deadweight tonnage: The combined weight of cargo, fuel, water, 
stores, passengers and baggage, crew and their effects — ^in other words, 
the weight of everything the ship can carrj% 

(2) .Displacement toniiage, loaded: The weight of the ship and all 
that it carries, and equal to the weight of water displaced by the ship 
when floating free. 

(3) Displacement tonnage, light: The weight of the ship, excluding 
cargo, passengers, fuel, water, stores, dunnage, and such other items 
which are necessary for use on a voyage. 

(4) Gross tonnage: The internal capacity, less certain allowable de- 
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ductions, of pcnnancntl}^ enclosed spaces throughout the shij) }n cubic 
feet, divided by 100. 

(5) Net tonnage: Gross tonnage less deductions for spaces occupied 
by fuel, ^Yatcr ballast, stores, ship's crew, and other similar spaces not 
devoted to the carriage of passengers or cargo. 

Shipy vessel: These two terms are used synonymously. 

(1) Cargo vessel: A vessel designed and built primarily for the car- 
riage of c/irgo, although it may carry passengers under existing law not 
to exceed 12 in addition to the crew. 

(2) Combhation vessel: A vessel designed and built to carry both 
passengers and cargo. 

(3) Industrial carrier: A vessel owned or chartered by an industry 
and used primarily in the transportation of its own products. 

(4) Oil tanker: A vessel designed and built for the carriage of oil, 
generally in bulk, and frequently owned by the company whose oil it 
transports. 

(5) Passoigcr t>csscl: A vessel designed and built pnmaril)' for the 
carriage of passengers, although it may carry some cargo. 

(0) Tramp ship: A vessel following no regular routes or schedules 
but which picks up cargo v-dierever business offers. 

United States Shipping Board; A board of five commissioners created 
under the provi'^ions of Section 3 of the Shipping Act of 1916. Abol- 
ished by an executive order of June 10, 1933, and activities transferred 
to the Department of Commeree as the United States Shipping Board 
Bureau of the Department. 

U?ntcd States Etnergencij Fleet Corjwratioii : A corporation oiganized 
by the United States Shipping Board on April 16, 1917, to carry out the 
board’s ship-construction program. The name changed b)’^ act of Con- 
gress, February 11, 1927, to United States Shipping Board Merchant 
Fleet Corporation. 

United States Maritwic Commission ‘ An agency of five members cre- 
ated under the provisions of Section 201 (a) of the Merchant Marine 
Act of 1936. 
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Evolutionary Growth of Transportation 

Early history of transportation. It is u far cry from the modern 
Pullman express, carrying hundreds of passengers in comfort and safety 
at a speed of more than a mile a minute, to the struggles of primitive 
man to drag a heavy load on a stick or hollow out a rude boat from a tree 
trunk. Ivlodcra transportation by land goes back to the first use of the 
wheel, undoubtedly the most important single discoveiy in the history 
of mankind. Probably the rolling of tree trimks or of rounded stones 
first gave the idea. By the time man advanced to the point of cutting 
the trunks of trees into short lengths for easier motion, he was taking the 
first step toward all that has developed of present-day industrial and 
social life. 

It was perhaps thousands of years after the first rough canoes before 
anything resembling a ship ventured on the open seas. The Phcenicians 
sailed the Mediterranean selling tin, and through their efforts, trade routes 
were opened from the Far East to what is now the Italian peninsula. 
On land, commerce was carried on over trails and rough roads until the 
Romans constructed the first great system of overland highways, many 
of which are still in use. 

Basic discoveries. The wheel gauge of Roman carts and wagons in 
Great Britain became fixed at 4 feet, inches (modern measure). 
When the first crude rails of stone were laid in England, 200 years ago, 
they were built to accommodate horse-dra^^m wagons, which still used 
this ancient gauge. This is the origin of the standard width of track on 
both English and American railroads. The flanged wheel had not yet 
arrived, and the rails were grooved to keep the wagon wheels from run- 
ning off the track. 

Modern transportation by rail and by water had its genesis in the 
invention by James Watt, of Glasgow, Scotland, in 1769, of the first 
practicable steam engine. The tremendously powerful force of steam, 
brought to the aid of man, revolutionized industiy and commerce alike. 
Its first \jses were in the English textile mills, but there were early experi- 
ments made hy James Trevithick and Timothy Hackwortli ^yith the idea 
of applying steam power to transportation. 
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First practicable steam locomotive. It was not until 1825 that a 
practicable steam locomotive was put into successful operation, and the 
honor of its invention belongs to George Stephenson, of Ncwcastle-on- 
Tyne. His crude little Locomotion hauled coal on the Stockton and 
Darlington Railway, a 14-tnile coal tramway. A far more efficient 
engine, also developed by Stephenson, was the famous liocket^ built in 
1830 for the Liverpool and Manchester Railway, the first road to sciwe 
as a public carrier of passengers and freight. 

Development of the American Railroad 

Transportation in colonial days. In the United Stales, the use of 
steam in transjiortation followed close on the heels of its development in 
England. Communication between the colonics, and later the states, 
along 1,000 miles of seaboard had been limited to rough jiost roads, coast- 
wise sailing vessels, and watercraft on inland rivers, supplemented by a 
few canals. Most notable of the latter was the Erie Canal, opened in 
1826, connecting the Hudson River at Albany with Lake Ontario at 
Oswego and Lake Eric at Buffalo by what has become known as the 
‘Svatcr-level route.^' The canal was shallow and closed almost lialf the 
year, but by means of it the Great Lakes and a vast interior region were 
opened to communication with the fast-growing poH of New York. 

First rail lines in America. PeiTiaps the earliest use of rails in this 
country was a line of less than 1 mile in length laid down by Thomas 
Leiper, in 1809, to connect his quarries on Crum Creek, near Philadelphia, 
with the Delaware River. Seventeen years later a 3-mile tramway was 
built from West Quincy, Massachusetts, to the Fore River whaiwes, and 
over this line horses drew the great stones used in building Bunker Hill 
Monument. 

The first two tramways accessory’' to coal raining were at Mauch Chunk 
and Honesdale, Pennsylvania. The latter, owned by the Delaware and 
Hudson Canal Company, connected the mines of that company with the 
head of its canal at Honesdale, and over this piece of track the first steam 
locomotive ever operated in America made its appearance on August 8, 
1829. This was the Stourbridge Lion^ built in England. The Interstate 
Commerce Commission authorized the abandonment of the old track at 
Honesdale on August 1, 1931, 

First American railroad. What was actuall}’' the first American rail- 
road is a moot question, depending on how the term “railroad^^ is defined. 
The first to be organized in corporate form was the Mohawk and Hudson, 
earliest predecessor of the present New York Central system. This com- 
pany was chartered April 17, 1826, with authority to build a railroad 
between Albany and Schenectady, a distance of 17 miles. The Baltimore 
and Ohio was incorporated in 1827, with the ambitious project of building 
a 300-mile railroad from Baltimore to the upper Ohio River, to be 
operated with relays of horses. The first 14 miles of track, from Balti- 
more to Ellicott Mills, were put into operation on May 24, 1830, first with 
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horses and then with a tiny steam locomotive, the Tom Thxmb, built by 
Peter Cooper of New York. 

Meanwhile the South Carolina Canal and Railroad Company, chartered 
December 19, 1827, began construction in January, 1830, of a line 130 
miles long from Charleston to Hamburg, across the Savannah River from 
Augusta, Georgia. This was, at the time, the longest continuous railroad 
in the world. Upon it ran the first American-built locomotive for prac- 
tical service, the Best Fnend oj CharlestoUj which was built and shipped 
to Charleston by the West Point Foundry, New York City, and put into 
service Christmas Day, 1830. 

The Moliawk and Hudson encountered gieat difficulties and experi- 
mented wuth inclined planes at both ends of the line. It w\as finalty 
opened for service in August, 1831. Its first train between Albany and 



Couricsi/ Atiy VoiA, Central System 
Fig. 1 The DeWitt Clinton 


Schenectady was hauled by the locomotive Do Witt Chnton, also built 
by the West Point Foundry. 

The period of expansion. Railroad development was rapid in the 
next few years, with New England a particularly active field By 1841, 
one could travel from Boston to Albany by rail, and in the following 
year on to Buffalo. The Hudson River formed an admirable pathwa 3 " 
between Albany and New York, and in 1851 these two cities were also 
connected by rail. One route followed the river, and the other, com- 
pleted in 1852, went inland b^^ way of White Plains and Chatham The 
Michigan Southern and the Michigan Central, racing construction west 
from Buffalo to the south and the north of Lake Erie, respectively, 
reached Chicago in the same year, 1853. By 1856, one could go by rail 
from New York to the Mississippi, and soon after to St Joseph, Mis- 
souri. 
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New constiuction lagged during the Civil War period but imtnediately 
thereafter was resumed with great cnerg}% The center of chief activity 
was in the ^Yest, where track-laying gangs of the Union Pacific^ working 
west from the Missouri River, and of the Central Pacific, working east 
from California, linked up the first transcontinental line on Maj*' 18, 
1869, at Promontory, Utah. Other transcontinentals followed; new roads 
and branch lines were filled into the railroad map of the East and of the 
South. 

Then began the natural and obvious era of consolidation. The series 
of short roads from New York to Buffalo by way of Albany was united, 
in 1853, into a single system, which in due time was extended to Pitts- 
burgh, Cincinnati, Detroit, Chicago, and St. Louis. Similarly, the roads 
forming a main stem line across Pennsylvania were grouped into a single 
system, which later reached these same cities. Other unifications fol- 
lowed, to the cast, south, and 'west. 

iVIany of tlie principal lines were double-tracked, and in a few instances 
four main-line tracks were laid. Immense capital investments were made 
in reducing the curves and heavy grades of early construction, in strength- 
ening bridges, replacing old trestles with steel and concrete, abolishing 
grade crossings, improving roadways, protecting operation with mechani- 
cal signaling systems, laying heavier rail, and constructing great terminal 
j'^ards and larger and more adequate stations. Locomotives became more 
powerful, cars more commodious and comfortable. The first Pullman 
sleeper was built in 1859. 'Mmj foms of equipment were standardized. 
Devices in great variety were installed for the safety and convenience 
of passengers; these included the automatic air brake, more efficient car 
couplers, the vestibule platform, steam heating and electric lighting of 
cars, and recently the automatic train stop and air conditioning. 

Both operating economies and a vastly improved public service have 
resulted from these applications of inventive ingenuity, and the process 
has steadily continued, even through years of depression. Li fact, the 
gross capital expenditures of Class I railroads in the years from 1920 to 
1940 were in excess of $10,400,000,000. 

With these developments came the rise of great labor organizations, 
the intense competitive traffic struggles, the enactment of the Interstate 
Commerce Act of 1887, and the era of Government regulation. All these 
phases of the historj’' and grovdih of rail transportation in America require 
thoughtful study for a clear understanding of the position the railroad in- 
dustry’' has now reached and of the future course it is to take in our eco- 
nomic and industrial life. 

Electric operation of railroads. In certain well-known instances, 
electrification of limited areas of steam railroad lines raises the question 
of how far we inaj’' expect this field of development to be carried. The 
problem is far from simple, because of widely vaiydng conditions and in- 
conclusive experience. The physical, aspects of operation in congested 
Urban districts differ essentially from those on open-countiy’' routes. 
Both engineering methods and traffic conditions are constantly changing. 
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making it impossible to forecast results with the certainty desirable when 
fundamental changes of transportation method, involving immense capi- 
tal expenditures, are proposed. 

Because of these difficult practical problems, physical and economic, 
progress in electrification has been slow. In the 46 years since the first 
installation, in 1895, on the Nantasket Beach branch of the New Haven 
road, at Boston, a small percentage of the total route mileage of steam 
railroads in the United States has been electrified. Among the best- 
known installations are the New York Central to Harmon, New York, 
the Pennsylvania from New York to Washington, and from Philadelphia 
to Harrisburg, the New Haven to New Haven, the Hoosac tunnel, the 
Baltimore tunnel, the Detroit River tunnel, and certain mountain divi- 
sions in the Appalachian and Rocky Mountain ranges. 

The decisive factors leading to electrification projects thus far have 
been primarily physical. They were dictated by local conditions, under 
which continued steam operation became impracticable for reasons of 
public convenience, safetj’', and expeditious service. Some of the places 
for which electrification is particularly advantageous are densely popu- 
lated urban and suburban areas, served by short lines with complicated 
trackage problems and numerous passenger stations; regions in which 
several such urban areas are near together, so that combined steam and 
electric operation between them would be uneconomic; long tunnels, where 
the smoke and steam problem is serious; and sections of road where heavy 
grades limit schedules and require uneconomic use of power. 

The principal economic factors involved arc, of course, the relation of 
possible operating economies and possible increased revenues to the 
interest requirements, maintenance, taxation, and other costs of the new 
capital expenditure. Realization of . increased revenues, traceable to 
electrification, is a problem greatly complicated by the growth of other 
modes of transportation, by the increased use of highways and water- 
ways, which has retarded the normal rate of increase in freight traffic in 
recent years and resulted in a very substantial decline in the actual 
volume of passenger traffic. 

With regard to operating economies, it is to be noted that comparisons 
of tractive power and possible train loads, under the two methods, have 
been materially modified by improvements in steam locomotives Main- 
tenance cost is probably slightly in favor of electric locomotives, but on 
the basis of experience thus far, very little difference between the two will 
be found in the rates of depreciation due to use and of obsolescence due 
to age. 

Over long-distance routes, where freight as well as passenger traffic ^is 
handled in substantial volume, electrification will probably not be in 
general use for a considerable time. It will necessarily involve a stand- 
ardizing, in fundamental features, of types of electric installation, in order 
to permit interchangeable use of power at joint terminals and on con- 
necting lines. So far as can now be foreseen, electrification of steam 
lines is likely to be determined in each instance by the existence of physi- 
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cal conditions to ^vhicli it is wdl achiptcd and v/hich render ‘•team 
operation, under 1110*^0 circiun^tanrcs, impracticable or cfiicienl by 
comparison 

The ])a?t 40 j’enr^ have seen the rise nml fall of electrically of;erafcd 
intcrurban railrojid^, winch fomierly competed with sUain lotuh for both 
pnsscngcr> and for package freiglU that arc now practically extinct. 

Leaders in the field. The hununi element has played an cMraordinnr>' 
part in the development of railroad trni^ portal ion, both in the vision 
and eucrg\^ of protuotOKs and executives ami in the fxetpfionaly high 
quality of railroad labor ns a \\hoh\ With the early days of American 
railroading an* a^^sociatcd tlie names of sucli jiioneers a*- Commodore Cor- 
nelius Vanderbilt, of the New York Central, Thoina‘^ A. ?cott, of tlic 
Pennsylvania, John W. Garrett, of the Baltimore and Gliio, and John 
Jvlurrny Forbes, the driving force behind the eor^truction of the Michigan 
Central; and a little later, General Grenville M. Dodge, of the Union 
Pacific, Henry' Villard, of the Northern Pacific, Colb^ P. Huntington, of 
the Southern Pacific, and James J* Hill, of the Great Northern. 

The day of the great individual pioneer and Iniildcr soon jiassed* and 
the next period of growth called for a somewhat difTerent type of leader 
to cx])aiuh reorguni7.e, and imj)rovc upon the v;ork of the pathfinders. 
Today, rail transportation is no longer a daring adventure but a complex 
problem of administration for the control, direction, and imjirovemeni of 
the countiy' s railroad systems within tlic limits of intricate Government 
regulations and under condition®: widely dilTcreni from thos'c of the early 
days. The list of executives is a long one and contains many distin- 
giiishcrl names. They have been, and are* assisted by a great army of 
officers unknown to fame and of loyal Buper\d®ors and workingmen, upon 
whom rests the daily responsibility of safe and efficient operation. 


Economic Significdnce of Railroads to American Commerce 

Commerce before the railroads. Industrial expansion in the United 
States has been Tciy* largely determined and shaped by the development 
of means of transportation. Before the coming of railroads, our com- 
merce was carried on chiefly by water. Of the 25 states in the Union in 
1825, 18 bordered on tlic "Atlantic Ocean or the Gulf of Mexico; tlic 
others touched the Great Lakes, the Ohio River, or the jMi'^sissippi River. 
The population was 12,000,000, an average of 7 persons to the square mile. 

Agricultural production was limited mainly to the needs of local mar- 
kets, for lack of transportation. Factories were few and small; most 
goods were still produced by hand labor. There was no incentive to de- 
velop labor-saving machinciy^ either on the farm or in mills, until the 
products in quantity’ could be widelj^ and cheaply distributed to distant 
consumers. 

By 1811, there w'cre 37,000 miles of post roads in the United States, 
but it cost SlOO and 20 da^^s of time to move 1 ton of freight between 
Albany and Buffalo, and $140 to move it over the Alleghenies between 
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Philadelphia and Pittsburgh. Our forefathers turned their attention to 
canals for relief^ and before the canal era passed its peak, about 1840, 
some 6,000 miles of these artificial waterways had been constructed, at 
a cost of $150,000,000. On the Erie Canal, the time required for a ship- 
ment between Albany and Buffalo was reduced to 10 days and the cost to 
$10, later to $3, a ton. 

Influence of railroads on industrial development. Along the lines of 
the early railroads commercial and industrial enterprises sprang up, 
many of them to attain vast proportions in later years. The Western 
wilderness was opened up, and control was gained over the Pacific Coast. 
Railroads, more than any other one factor, made possible the immense 
industrial development of the United States. 

They brought about a wide distribution of manufacturing industries. 
In the early period, manufacturing was limited chiefly to the section east 
of the Alleghenies and north of the Potomac River. Freight rates w’ere 
adjusted so as to encourage tlie movement of raw materials eastward 
and of finished products westward. 

Extension of the railroads westward created a new situation, making 
it possible to locate factories nearer to the sources of raw materials. To 
meet this situation, freight rates were readjusted, and the effect was to 
encourage development of industries in the newer sections of the countr 3 ^ 
Manufacturers in the older locations, farther from supplies, derived the 
greater benefit from low rates on raw materials, but those in the new^er 
locations had the advantage of a shorter mileage haul. Moreover, the 
lower rates on finished products made it possible for industries, wherever 
located, to distribute their merchandise to markets at a distance as well 
as near at home. 

These changes, together with more efficient service, have been very im- 
portant factors in the rapid development of manufacturing activity in the 
West and South. In fact, the highest percentages of gain in total value 
of manufactured products in the period from 1914 to 1927, for illustra- 
tion, were in the Far Western, the Middiewestern, and the South Atlantic 
states. In addition, the expansion of industries west and south brought 
a large industrial population close to the great farming areas, providing 
new markets close at hand for the produce of the farms, and the volume 
and value of agricultural production rose rapidly. 

The tendency at the present time is toward a scale of rates based on 
mileage, the effect of which is to confine manufacturing and distribution 
within narrower spheres. Industries whicli are nearest to both raw ma- 
terials and markets will have the advantage of lower freight costs, be- 
cause of a shorter haul, on both their materials and their finished products. 

Traffic conditions. Railroad traffic reached its peak in 1926, In that 
year, railroad performance was equivalent to moving 1 ton of freight 
486,265,000,000 miles, or 4,173 tons an average distance of 1 mile for each 
inhabitant then living in the United States. In addition, the railroads 
handled the nation's mail and express and transported 862,000,000 pas- 
sengers an average distance of 41 miles. 
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Incica^cd cxpanditiuc^^ by the CUnTrnnu'rit on wntnnvn\>, the j:ro%v(h 
of motor-vehicle truit'^in^rtation on luihhc hi^hway^j nnd the economic 
depre^^'ion tturline; in 1929 nfTerted traunpoi lotion by mil, *-o tlmi tola! 
ton^ eniried imnen^ed 22 j)cr rent, while frei^dd ineieu-ed 4.1 

per cent in tlic decade l)cpnnjnp with 1021. In Ihi*' *^umc period, pn^- 
monger? carried deeifa^ed 32 1 per cent and pa-'-mg^r revrnne< 3G8 per 
cent. Tl i*^ inierc-ting to note that, in the period from 1015 to 192S, 
legi^^lration of motor tracks in tlie United Ptatf^ jneren^ed from 130,000 
to 3.114.000, wliile regi^^tiation^ of all pa^erngfr-carryiru!; motor %Thic]c*^ 
incrca^^ed fiom 2 300,000 in 1915 to 23,121,589 m 1929. 

Avciago freight rate-^ per ton-mile in llu* United States in 1930 were 
80 ]>er cent of tho^^e in Franco, G1 per cent of tho^-e in Germany, nnd 41 
per cent of tho‘>e in the United Kingdom. At tlie-e intc'^, llic mo'it 
expeditions sercnce in tlio world is rendered For ilhistralion, perishftble 
productN di-patched from Chicago in the eveninu arc delivered in Kew 
York the thud moiaing thereafter; tlio^e sent from California to Atlantic 
Coast points unive on the eleventh morning Merchandise leaving Chi- 
cago in the evening is deliveuKl in St Pa\il the second monnng iherenfter. 
Shippoib in St. Punl or Minneapolis may deptanl upon deliverj* anywhere 
within 300 miles l>y (Lc next day. On the basis of ruimbcr of dny.s in 
transit, which the important factor, fieigbt shipments willdn a radiiH 
of 300 miles make vciy nearly as quick time as mail or express, and thi*^ 
is typical of laiboad service practically anywhere. All the more impor- 
tant industrial plants are reached by railroad siding-s wliich permit direct 
loading and delivery. 

There was an increase of 13 per cent in fieigbt-ton^ liaulcd per average 
train and of G5 per cent in average gro^s ton-milcb per train-hour in the 
decade 1920 to 1029, ^\ith a 27 per cent saving in tons of coal burned. 
These figures represent standard tests for the measurement of operating 
efficiency A striking illustration of the more economical operation made 
possible by improved power may be seen in the fact that, in 1920, on the 
New A'ork Central, the route of the Ticniticth Ceniunj JJviitcd between 
Haimon and Chicago was divided into 7 districts, requiring 7 engines for 
the trip, while today there arc but 2 districts and 3 engines to cover tlic 
entire distance, hauling a heavier train. On tlic Northern Pacific, within 
the last 5 years, 13 engine districts have been reduced to 3, including one 
continuous run of 904 miles; while on the Southern Pacific, for another 
illustration, the 815 miles from Ixis Angeles to El Paso are made in a 
single engine run. 

Because of the decline in freight earnings due to the growth of motor- 
truck operations, it is the belief ,of railroad executives and of many 
economists that the further development of i ail service and of revenues 
adequate for maintained efficiency will depend chiefly upon the course of 
public policy in respect to use of the highway's, constructed and main- 
tained at public expense. It is held, from the railroad point of view, that 
a just and nondiscriminatory attitude as between these tw^o forms of 
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transportation service requires a reasonable equalizing of conditions in 
respect to taxation and regulation of rates and operation. 

In 1939. despite increasing competition from other forms of transporta- 
tion, it is estimated that the railroads handled about 62 per cent of the 
country's freight tonnage. 

Present Status of Railroads 

Internal organization. American railroads, through their many inter- 
relations and the similarity of their operating, traffic, and financial prob- 
lems, have developed forms of organization substantially alike in general 
pattern, although necessarily differing in details. The internal organiza- 



Gouricajj 'New Torh Ccniral System 
Fig. 2, The TT\entieth Century Limited. 


tion of the New York Central, which is heie used for illustration, may be 
taken as typical in essentials of all the piincipal systems. 

All authority for management of the property, under the bylaws of 
the coiporation, is delegated to a boaid of directors, 15 in number, elected 
by the stockholders. The functions of the board, when it is not in session, 
are exercised by an executive committee of 7, which elects its own chair- 
man. 

The board of directors elects a piesident, who is the chief executive 
officer and exercises general supervision over all the company's activities. 
It also appoints a secretaiy, a geneial treasurer, a treasuier, a comp- 
troller, and their chief assistants. The general treasurer and the treas- 
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urer arc tlic custodians of company monies and securities. The comp- 
troller has supervision of accounting procedure and is responsible for 
keeping the company’s books and records, in accordance with the require- 
ments of the Interstate Commerce Commission and other regulator}' 
bodies. 

Since the president cannot attend personally to all the company’s 
diversified operations, there has grown up what is known as the “depart- 
mental” form of organization. A vice-president is at the head of each 
department. There are the following departments: finance, operating, 
traffic, law, public relations, accounting, improvements and develop- 
ment (phy^^ical). purchasing, and personnel. 

The vice-president of finance is in charge of tlic financial operations 
of the company 

The operating department is by far the largest. It is in diiect charge 
of the railroad s scrcice to the public, the operation of trains and main- 
tenance of roadway, bridges, buildings, cars, and locomotives. Principal 
subdivisions of the railroad arc in charge of general managers, assisted 
by general superintendents, division superintendents, chief engineers and 
divi>ion engineers in charge of road maintenance, superintendents of 
motive power and rolling stock and di\dsion master mechanics, signal 
engineers, superintendents of telegraph service, and many Euper\dsors of 
further subdivided functions. 

The traffic department is 'responsible for selling the services of the 
company to the public. Its objective is to produce business w'hich will 
earn net revenue^, above operating and overhead expenses and taxation, 
sufficient to pay interest on the company’s indebtedness and dividends to 
stockholders who have invested their capital in the business. Assisting 
the vice-president arc traffic managers, general freight agents, general 
passenger agents, and their assistants, including officers in charge of such 
special services as mail, express, baggage, industrial development, and 
“off-line” traffic soliciting agencies throughout the country. 

The law department’s many and varied responsibilities have been 
greatl}^ enlarged b}" the far-reaching extent of public regulation. Nearl}^ 
every activity of the company comes under the scrutin}’* of its legal staff, 
to make certain that it does not conflict \sdth some of the many thousands 
of national or state laws or municipal ordinances. The law department 
seeks to protect the company from unjust claims and conducts whatever 
litigation may be necessarj". Here arc found such officers as general 
counsel, general attorne3’'s, general *solicitors, and their assistants. 

The accounting department has charge of collection of the company’s 
revenues and their disbursement as authorized. It makes the classified 
record of receipts and expenditures, and compiles an immense volume 
and variety of regular and special reports for the information of the 
railroad’s many other departments, as well as for numerous Government 
bureaus. The officers in charge are a vice-president, the comptroller, 
the general auditors and their assistants, auditors of various classes of 
accounts, bookkeepers, and statisticians. 

The improvements and development department plans and carries out 
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improvements authorized by the board of directors. Under this head 
come extensions of line, new buildings, and additions to permanent 
structures. 

The purchasing department supervises the expenditure of man}’’ mil- 
lions of dollars each year in the authorized purchase, to the best advan- 
tage, of materials and supplies, ranging from thousands of tons of coal 
to pencils and twine. In this department are the general purchasing 
agent, the purchasing agent, and his assistants, and the general store- 
keeper and his staff. 

The vice-president in charge of personnel has charge of all negotiations 
between the company and the labor organizations in respect to wages, 
working time, and general conditions. In addition, he either promotes or 
cooperates in certain of the beneficial, recreational, and educational ac- 
tivities of the employees. 

Most large systems are divided into geographical units, originally 
separate railroads which have been brought into the system through 
leases or other means of control but retain in certain respects their former 
corporate identity. Each of these geographical units is administered by 
a vice-president, assisted by a complete organization of its operating, 
traffic, accounting, and other departments, similar in general to that of 
the system as a whole. 

Methods of financing. The early railroads in this country were 
looked upon, for the most part, as financially risky experiments. Popu- 
lation was sparse and money scarce. Promoters of railroads had great 
difficulty in raising the capital for construction. There was, nevertheless, 
a rapidly growing public demand for this new form of transportation 
once its immense possibilities were realized. Several states and many 
counties and municipalities extended financial aid in order that lines 
might be bm\t tbrougb the particulaT sections in wbieb they were intex- 
ested. Six pioneer roads west of the Mississippi received land grants 
totaling more than 150,000,000 acres, mostly valueless wilderness at the 
time, as well as cash loans exceeding §60,000,000, nearly ail of which 
has been repaid with interest. In return, the railroads were required to 
haul troops, Government passengers, and mail at reduced rates or free. 
Some of tlie land-grant roads are still rendering this free service, while 
others are giving it at half rate. 

As railroad development went forward apace, new issues of stock were 
sold to provide funds, but in the later period of great expansion, it was 
necessary to borrow the larger part of the capital required. 

Financing of the purchase of locomotives, passenger, and freight cars 
is accomplished by issue of equipment tinist certificates, a method much 
like the installment plan used by the buyer of a motorcar or piano, in 
order that he may have the use of his purchase while pajdng for it. 

The severe depression which occurred in the business and economic 
conditions of the countr}^ following the decade of the twenties, together 
with the increasing competition and development of other forms of 
transportation, brought about a serious decline in ihc revenues of rail- 
.roads during the past 10 3’ears. Many companies with hea^y capitaliza- 
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tion, particularly in fixed interest-bearing bonds, were unable to meet 
their obligations and sought relief in the courts. As of the end of 1939, 
companies controlling approximately one third of the railroad mileage 
in the countrj^ were in process of reorganization. The capital structures 
of these companies will be adjusted to meet the changed conditions, and 
this will be particularly true as regards the interest-bearing debt. 

Amount of capital invested. The total investment in road and 
equipment of all steam railroads in the United States, in 1938, was 
$26,502,582,000, according to statistics published by the Interstate Com- 
merce Commission. This figure includes terminal and switching com- 
panies leased by the railroads. The par value of capital stock of Class I 
railroads (operating companies having revenues of more than $1,000,000 
per annum) was $8,149,342,285. The long-term debt, also representing 
capital invested, was $10,352,646,039. Current liabilities outstanding 
were $2,555,903,042. Corporate surplus was $2,563,879,462, practically 
all of w’hich is used currently in the railroad business or represents in- 
vestments not yet capitalized. There are approximately 868,231 owners 
of stock of all Class I line-haul railroads in the country. 

The New^ York Central Railroad Company was financed in the early 
days largely by the stockliolders Today, the system represents about 
570 predecessor corporations and operates about 11,000 miles of main and 
branch lines in 11 states and 2 provinces of Canada. The property in- 
vestment at the end of 1940 w^as $2,043,576,808, and the total capitaliza- 
tion $1,211,064,842. Of this capitalization, 46 per cent was represented 
by capital stock, the remainder by bonds and other fixed debt. There 
w^ere 62,345 stockholders at the end of 1940, of whom 61,145 were located 
in the United States and 1,200 abroad 

Number of persons employed. The average number of employees 
on Class I railroads for the year ended December 31, 1940, w^as 1,026,956; 
in the preceding year, the number employed was 987,675. In 1920, the 
year in which Government operation ceased, the average was 2,022,832. 
The total compensation of these employees in 1940 w^as $1,964,480,706, 
an average of $1,913 per employee; in 1939, it was $1,863,333,736, an 
average of $1,887 per employee. 

The decrease in forces employed on the railroads has not been due 
wholly to the business depression of 1929 to 1932. In part, it has been 
the result of improved operating efficiency, chiefly through modern-type 
locomotives, improved track, new or reconstructed terminals and yard 
facilities, and so forth; and to a considerable extent to the increasing 
competition of freight trucks and passenger buses operating on the 
public highways. 

Effect of labor unions. In the early days of railroading, relations 
between managements and employees were largely those of the *hoss” 
and the individual w^orkman. There were great railroad strikes in the 
late seventies, and as early as 1888, Congress passed the first act creating 
boards of arbitration to assist in settling differences. It was not until 
some years later, however, that labor unions became a strong and 
permanent factor to be reckoned wdth in railroad operation. 
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With the coming of large and still larger organization on the part of 
both capital and labor, questions of wages, hours, and working conditions 
passed from the stage of individual bargaining to that of negotiations 
through representatives and were covered by formal agreements for 
whole classes of employees. Most of the railroad crafts built up their 
organizations independently and have remained distinct from those in 
other industries. 

Today, about 94 per cent of the total railroad personnel is represented 
in labor organizations or associations, including those formed in the 
mechanical crafts after the shopmen's strike in 1922. The remainder 
consists chiefly of officers, traffic solicitors, and the legal and engineering 
forces. Agreements with the leading organizations are necessarily 
designed to protect the conditions and rights of classes of employees 
rather than of individuals, but when exceptional conditions arise, a 
certain amount of latitude is allowed for variations through special 
understandings. 

Because of the public-service character of railroad operation and the 
seriousness of possible interruptions, Congress early took cognizance of 
relations between managements and employees, under a broad inter- 
pretation of its right and duty to regulate interstate commerce. Out- 
standing instances of its exercise of control in respect to labor are 
desci'ibed later.^ There has been a succession of boards or commissions 
with various functions of conciliation, arbitration, or decision regarding 
disputes in railroad service 

The effects of labor unions, in a general view of railroad development 
and problems, may be summarized as an approximate standardizing of 
conditions, in essential features, by regions and groups of roads, as the 
result in part of agreements between the earners and organized employees 
and in part of legislation and the rulings of official bodies. In brief, 
the development of organized labor on the railroads has, in certain 
important respects, been bound up quite closely with that of public 
regulation. This situation has necessarily resulted in a certain limitation 
of freedom of action on the part of the railroads. This limitation, how- 
ever, is inevitable in varying degrees as industrial operations become 
large and complex, particularly in those industries of a public-service 
character. 

In recent years, decisions of the National Railroad Adjustment Board, 
which was created by the Railway Labor Act, as amended in 1934, have 
had serious effects upon railroad operating costs. That board is composed 
of four divisions. The first division represents employees in the engine, 
train, and yard service; the second division, employees in shops, engine 
houses, and repair yards; the third division, employees in clerical and' 
station service, telegraph service, dispatching service, maintenance of 
way, dining ser\dce, and signal maintenance; and the fourth division, 
employees in the marine service and other branches not represented by 
the other three divisions. Disputes arise over the intent or meaning of 
rules in the agreements applicable to the several classes. Notwith- 

* See the section on “Important Legislation Affecting Railroads/’ p 672. 
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i-tniulinj: the fact ilial of the nilc 5 hnvo hmt m lUid applied 

for Hiuny y#*nr> on rertaui roroi^** uitlsoui controversy, r/hiu drei^iott*' arc 
rond«'vo*i in <rw)nUt'^ ^nilnnUlcii from other road'^r the int«’tpretf;tmso' are 
boinp, cNlt'ndfd to all roads Hi that difuTinr, ronrlifion^^ and prnctico^ 
200 ih-rojr.anied In thr ]>n^t, rt hnd the pridf^ of both niarmi^Mnait 
and connnittet/' lepieM'ntini' ernjdoyi'^^'^ to uijnjno{»* any <Hfferojn^^ ^ to 
their inntiutl suiruoaiurs but tlie <Iet'iMon». of the M'Vor*al iKmrd^ are 
makinn it incri'a-nrj^h dnlimlt* if luM itopo^^ilde, to rli-j-so^e of di^pute*^ 
locally* unlc 5 '« th(‘ inOTpretation ino^t favorable In einployoe^ adopted. 

Important companies operatinf^. A initeaj^e of 2^*V2*T4B ftnain 

tra('k‘^t and aro - revmnrs of $d30,tV}0.rjr>3 tvere reportMl for 1D3S by 
Claj*'^ I nulrcnnh in the United Stativ. ?ouv' of the Inn’r^t .cvhteim* 
with gcoinaplncal ^(etio^^ roveren and ojieratcd, are ns follows : 


N* KanLoel: 

Hast<}U tt: Mmiu'. , . , 

Y<uln Xrw Havsn iL IfivrUortl, , . , , , ► 

CentntI Uistrnu 

lVnje\Ivaaia tO,2Gl 

Xt*r, York Oatnd . , lO.Pll 

IHlUmt^rr ^ Ohio 

Krie 2*207 

Che'^'^lw'jike Ohio* „ . * * * 3,110 

Norfolk il WeMorn.. 2,101 

f;oUthrrn lL%ilv*:\y * 0,301 

Atlantic Co>*u«t Line 3,101 

Korthu'e^t: 

Chicago ^ North \SVtcm. *...,**.*,,**.,* S,324 

Great Northern 8.009 

Chicn^o, Mii^vraiker. St. Paul rncific 10,87*1 

Chlcaf^o* Hurlinatun A Quincy 8,973 

Central West: 

Southern Pacific 8,030 

Union Parific * 9,901 

Atehison. Topn4:2\ Santa Pe 13,413 


These 17 lines, operating ol per cent of the total Class I mileage, earned 
59 per cent of the groks revenuc>. Additional lines, each of which 
earned in excess of SSO, 000.000 gro^*^ it-vonue and ojieratcs more than 
4,800 milcb, arc the l^oni^vdlc fc Nashville, the Chicago, Rock Island fc 
Pacific, and the Mis^^ouri Pacific. 

If the proposed consolidation of the counlrj’^s railroads into some 
20 major groups is brought about, the lines here listed will form the basic 
structure* 

Comparison of Railroading with Other Important Industries 

The most conspicuous difference between the status of railroading and 
that of' other types of industry — manufaeluring, commercial, and agricul- 
tui*al — is in respect to the effects of Government regulation, elsewhere 
discussed. There are other interesting points of comparison, however. 
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having to do with size, character of the employment, and the investipent 
status of securities. 

Size, The only single industry’* approaching the steam railroads as 
regards capital investment is the motor industry. Since the railroads 
finance and build their own roadways, a proper comparison should include 
the investment in public highways regularly used by motor trucks and 
busses as well as private cars. Authoritative figures are not obtainable 
for the total investment in busses and trucks, but an estimate by the 
National Automobile Chamber of Commerce placed the total investment 
in rural highways at the end of 1930 at $12,600,000,000. It is particularly 
interesting to note that this is approximately the same as the total invest- 
ment in roadway b}" the steam railroads of the countiy, since it is gen- 
erally accepted that about one half the total railroad investment of over 
$25,000,000,000 is represented by roadbed and track. This comparison 
takes no account of city streets, also used by motor vehicles, upon which 
the estimated value was placed at $20,000,000,000. By 1940, the expan- 
sion of highways had been so great that the estimated investment in 
rural highways was then given as $25,000,000,000, or roughlj^ the same as 
the total railroad investment. 

Character of occupations. The most obvious distinctions between 
employment on railroads and in other industries, apart from certain 
regulations already referred to, are in the nature of the industry itself. 
Employees in train service are under what is called “distant supervi- 
sion, “ rather than under immediate supervision, and are therefore, to a 
considerable extent, on their own responsibility. Judgment and decision 
are required in the expeditious and safe handling of trains and also in 
the dispatching, signaling, and switching operations. Observance of 
safetj" rules and contacts with the public in both train and station service 
involve the personal equation to a high degree Railroad functions 
are in very slight degree of the mechanized, mass-production type. The 
requirement, and therefore the opportunity, is for men of character, 
experience, and ability. In brief, the individual is of primary' importance. 

Status of securities. General statements must be qualified, of course, 
by the vaiying experience of different roads and the relative positions of 
the many issues of stocks and bonds, but it may be said that railroad 
securities as a class represent investment in the oldest of the major indus- 
tries of the country and were long regarded as of exceptional stability, 
ranking next, in fact, to those of the United States Government. They 
arc still widely distributed among millions of individuals, directly and 
through insurance companies, banks, savings banks, trust funds, and 
educational endowments to an extent not equaled by those of any other 
representative industry. It is of vital importance to these institutions, 
as custodians of the people^s money, that the railroads be permitted to 
earn a reasonable return on these securities. 

Those securities held by banks and trust and insurance companies 
represent, if indirectly, the savings and investments of tlic people no less 
than do those owned outright by individuals. It is equally true that 
tlie will of the people, as expressed through legislative and regulatory 
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bodies, will determine to a large degree tlic future course of railroad 
development as an indispensable agent of romnicrcc and will take a 
leading part in settling the problems of the «^tatus of railroad securities 
and of service under the new conditions of transportation which have 
arisen in recent years. 

Important Legislation Affecting Railroads 

The affairs of the railroads have been subject to Government regula- 
tion for many years, and this regulation probably extends to more phases 
of their activities than for any other business. 

Early legislation. Tlic greater part of early English and American 
railroad legislation was based on tlic analogy of the “King's Highway/’ 
the roads being treated as essentially public ways, with the owner com- 
panies operating over them as common carriers. Charles Francis 
Adams, Jr., in his Railroads,^ Their Origm and ProblanSi pointed out 
fundamental elements of error in this conception, and tlic resulting con- 
fusion in public policy and unsuitability of mucli of the early legislative 
dealing with the new mode of transportation. 

Interstate Commerce Act. There was comparative!}" little special 
railroad legislation prior to 1870. Thereafter, a few states established 
boards or commissions, some chiefly to secure publicity and others with 
definite powers of regulation within state borders. In 1886, it was estab- 
lished, by a Supreme Court decision, that the Federal Government had 
the exclusive authority to regulate interstate commerce transported by 
carriers. Putting that principle into effect, Congress in tlie following 
year enacted the Interstate Commerce Act, based upon the theoiy" that 
railroads, although privately owned, are charged with a public duty. 
The Interstate Commerce Commission, created by that act, has been 
functioning ever since and is generally recognized as one of the most 
powerful administrative bodies in the world. 

The Interstate Commerce Act was designed primaril}" to prevent 
excessive charges and discriminator}' practices, such as rebates to large 
shippers. Its scope and powers of enforcement have since been extended 
to embrace, not alone rate making, but nearly every railroad function — 
corporate, financial, and operating; and it has serv-ed as a pattern for 
regulating other kinds of carriers. State laws regulating railroads with 
respect to their intrastate business are now patterned verj' closely after 
the Federal act. 

Among the many important subjects brought imder Federal authority 
by the Interstate Commerce Act are the rates of railroads, which must 
be reasonably scaled and not unjustly discriminatory among the different 
users of railroad ser\dce; the divisions of through rates among partici- 
pating railroads; the tariffs, or rate schedules, of the railroads, which 
must be published and kept on file with the Interstate Commerce Com- 
mission and which may be changed only upon due notice and filing with 
the commission; the accounts and statistical reports of the railroads, 
which must be kept in the manner prescribed by the commission; valua- 



THE RAILROAD INDUSTRY 


673 


tion of railway properly, upon which the commission has made extensive 
investigation and reports; and shipping documents and bills of lading, 
which must follow prescribed forms. Other important regulations, many 
of them restrictive in character, are the ^^commodities clause,” forbidding 
railroads to transport goods owned by them, except goods used in rail- 
road operations; the prohibition against ownership by railroads of interest 
in competing water carriers; the prohibition against granting of free 
transportation, except to railway employees; the ”long-and-short-haul 
clause,” prohibiting a higher charge for a shorter distance than for a 
longer distance over the same route in the same direction, except as 
relief may be granted by the commission in special cases; and numerous 
requirements in the interest of safety, including appliances on cars and 
locomotives, limitation of hours of continuous service, reporting of 
accidents, Federal inspection of locomotives and signals, liability for 
accidents to employees due to railroad negligence, and so forth. ' 

Transportation Act of 1920. The Transportation Act of 1920 rep- 
resented the first entry by Congress into the field of regulating railroad 
affairs in the interest of develojiing sound railroad systems, as dis- 
tinguished from regulation to protect the shipping and traveling public 
from unjust practices of railroads. The Transportation Act recognized 
that the railroads should be allowed to charge rates sufficient to provide 
a “fair return” upon railroad property’' — a hope which, however, has never 
been realized, because of adverse business conditions and other factors. 
It required the authority of the commission for the building of new lines 
of railroad or the abandonment of old ones, for the consolidation of rail- 
roads, and for the issuance of securities by railroads Subsequent 
legislation has brought the subject of reorganization of railroads in 
bankruptcy fully within the scope of Federal authority. Under the 
Transportation Act, the concept of the railroads as a national transpor- 
tation system has developed. 

Competitive transportation agencies and Government regulation. 
Not long after the enactment of the Transportation Act of 1920, highway 
vehicles, public and private, became important competitors of the rail- 
roads and began to make serious inroads into their freight and passenger 
traffic. Heavy expenditures by Federal and state governments for the 
improvement of harbors and channels along the coasts and the Great 
Lakes and for the improvement of inland waterways, such as the Missis- 
sippi and Ohio Rivers and the New York State Barge Canal, greatly 
extended the operations of water carriers and increased their importance 
as competitors of the railroads for freight traffic. Improved highways 
brought forth millions of automotive vehicles, passenger and freight, 
private and public. These new competitors of the railroads derived 
advantages because they were free from the restrictions which regulated 
the railroads in their rates and practices. Still more important, they 
used highways or waterwaj^s provided by the Government either free of 
charge or at charges representing only a fraction of the cost of building 
and maintaining these facilities. 

Even before 1930, important public groups, as well as the railroads, 
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began to urge that all forms of transportation, not alone the railroads, 
be subject to proper Federal and state regulation. The development of 
public opinion in this direction resulted in the enactment, in 1935, of the 
Federal Motor Carrier Act, administered by the Interstate Commerce 
Commission. Generally speaking, this act extends to common and con- 
tract motor canders of passengers or property regulations as to reason- 
able and nondiscriminatory rates, publishing of rate schedules, new or 
extended operations, consolidations, accounts and reports, issuance of 
securities, safety, and so forth similar to those applied by earlier 
legislation to the railroads. 

With the passage of the Transportation Act of 1940, Congress added 
water carriers to the growing list of major domestic commercial trans- 
portation agencies subject to regulation by the Interstate Commerce 
Commission. 

Government subsidies to transportation agencies. A far-reaching 
proposal embodied in the pending legislation is that there should be an 
impartial fact-finding board to investigate and report upon the fitness 
of each kind of carrier to perform the various kinds of transportation 
service and the extent to which any carrier may be aided by subsidies 
or by facilities provided at public expense without adequate charge for 
use. If this board finds that the carriers on the inland waterv^ays should 
pay reasonable tolls for the use of those waterways (which are now free 
of toll) and that those who use the public highways for profit should pay 
more than they now contribute toward the construction and maintenance 
of those highways, the effect upon competition among the railroads, the 
highway carriers, and the water carriers may be far-reaching. The need 
of Federal and state governments for additional sources of revenue is' so 
acute that, if an impartial tribunal should find that motor and water 
carriers ought to make greater contributions to the. public treasury, 
additional taxes upon these forms of transportation would almost surely 
be imposed. 

Legislation affecting labor relations. The Transportation Act placed 
the control of labor^s relations with the railroads under a Railroad Labor 
Board, but the labor sections of the act were superseded by the Railway 
Labor Act of 1926. The latter act recognizes collective bargaining and 
provides for mediation in railway-labor disputes by the Federal Media- 
tion Board and, if this is unsuccessful, by special boards appointed by 
the President. Other legislation provides for “adjustment boards” to 
settle difi'erences between railroads and employees concerning grievances 
and the interpretation pf the written contracts covering wages and 
working conditions which have been so widel}’' entered into between 
railroads and organizations of emplo 3 ’’ees. 

Taxation. Railroads are subject, generally speaking, to the same 
Federal, state, and local laws with respect to taxation as applj’’ to busi- 
ness generally. However, because they own so much tangible property 
in the form of equipment, right of ways, track and buildings, the increas- 
ing burden of taxation, accompanied as it has been by declines in rail- 
way traffic, has been very severe. A related burden has been the 
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enforced spending of large sums for unproductive improvements, such 
as grade-crossing eliminations* In 1913, the railroads of the United 
States paid $118,386,859 in taxes, or 3.81 per cent of their gross revenues. 
In 1930, they paid $348,553,953, or 6.60 per cent of their gross revenues. 
In 1940, they paid $396,394,774; and their business had so declined that 
these taxes represented 9 23 per cent of gross revenues. A further source 
of tax burden has been special legislation for retirement pensions and 
unemployment compensation for railway employees, which grants greater 
benefits and imposes greater financial burdens than the Social Security 
Act does upon the railroads* competitors and upon industry generally. 

Problems and Future of the Railroad Industry 

The outstanding problems of the railroad industry today are those 
arising from the loss of much of its traffic. The first cause of this has 
been the development of new and competing forms of transportation on 
the highways, on the waterways, and in the air; this has both taken away 
traffic and forced reduced rates on traffic retained. The decentralization 
of industry and the displacement of commodities requiring railroad 
transportation by commodities requiring little or no railroad transporta- 
tion (for example, the displacement of coal by oil and gas) have been 
important contributors. In 20 years, the railroads have passed from an 
almost complete monopoly of inland transportation to a situation where 
their competitors have made serious inroads upon their business. 

The gross revenues, passenger and freight, of all Class I railroads 
declined from $6,279,520,544 in 1929 to $4,296,600,653 in 1940, a decline 
of 32.58 per cent Nevertheless, the railroads still carry far the 
major proportion of tlie traffic, passenger and freight, transported by 
public carriers. During the 12 inontlis ending December 31, 1939, 
motor carriers of passengers and property icported operating revenues 
of $1,048,000,000, as compared with $4,321,934,000 operating revenues of 
the railroads for the same period; thus of tlie total rail-motor gross reve- 
nues of $5,360,934,000, the railroads had 80.45 per cent and the motor car- 
riers 19 54 per cent. However, the amount of transportation performed 
by private and public water carriers and by private motor carriers, such 
as private automobiles and the privately owned trucks of industries, is 
not included in these figures; it is probably much greater than that per- 
formed by for-hire motor carriers, but no accurate statistics are in 
existence. 

The effect upon the railroads of the public*s furnishing their competi- 
tors with highways and waterways free of charge or at charges less than 
a fair share of construction and maintenance costs cannot be too strongly 
emphasized. It is surprising but true that no comprehensive and 
impartial fact survey upon this subject is in existence, notwithstanding 
its obvious importance and the fact that it occasioned many controversial 
statements. 

However, the Transportation Act of 1940 provides, among other things, 
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that a board of investigation and research be constituted, composed of 
three members appointed by the President, to investigate: 

(1) The relatne economy and fitness of earners by railroad, motor 
carriers, iind water carriers for transportation service, or any particular 
classes or descriptions thereof, with the view^ of determining the ser\ice 
for which each type of earner is especiallj’' fitted or unfitted; the meth- 
ods by which each t>'pe can and should be developed so that there may 
be provided a national transportation system adequate to meet the 
needs of the cominercc of the United States, of the Postal Senice and 
of the National defense; 

(2) the extent to which right-of-W’ay or other transportation facilities 
and special servuces have been or are provided from public funds for the 
U'^c, within the territorial limits of the continental United States, of 
cacii of the three types of carriers without adequate compensation, 
direct or indirect, therefor, and the extent to wiiich such carriers have 
been or are aided by donations of public property, pn^unents from 
public funds in excess of adequate compensation for services rendered 
in return therefor, or extensions of Government credit; and 

(3) the extent to which taxes are imposed upon such carriers by the 
United States, and the several States, and by other agencies of govern- 
ment, includinc: county, municipal, district, and local agencies* 

If, as the railroads believe, their competitors are subsidized and if. as 
should follow, those subsidies wrill decrease and tiltimately disappear 
through the adoption of sounder Government policies, the railroads should 
1 egain much lost business. To attack the problem of competition among 
transportation agencies from the ‘^subsidy’^ standpoint is far more impor- 
tant than from the standpoint of regulation. Regulation affects only 
carriers for hire and extends only to practices, without materially affect- 
ing oi>erating costs, whereas the presence or absence of subsidies goes 
diicctly to the cost of doing business and affects private carriers, such 
the piivatolj" owaicd motor truclcs and barges of industries, as w’cll as 
public, or *Tor-hire,” carricis. 

Thoic ha<5 been a rapid awakening wdthin the railroad industiy to the 
need of more .aggrc^j'jivc business policies to meet the challenge of the new* 
coTnpetitor^. Improvements in equipment and track and in methods of 
operation hax’c speeded up raihvay serxdcc and made it safer and moie 
attractive to the public. Greatly reduced rates and increased sale^ 
effort*^ have been put forward to sell railway transportation in the face 
of competition. More efficient internal organization in the indu'^try ha*' 
been developed. The railroads have recognized the prcvioi^bv neglected 
'=^uhject of public relations and the necc'^Mty of putting tlicir case 
cfi((tively before the public. Tiierc i^ every indication that thc^c effort'? 
are hearing fruit and will continue to do so. Far from proving that the 
railroads are ob-olete a*? a means of transjiortation and will go (lie W'ay 
of the canalboat and the stagecoach, their Mir\dval thu^* far aaain'-t the 
inroad'? upon their traffic by bu'^inC'^'? deju'c^-^ion and growth of conv 
]H'tit5vc ngi*nric- is a demonstration of (lie fundamental efficiency and 
ceonoiny of the railroad a means of transportation. While it nuM 
he ruo/nizid that coinp^'tiUve forms of tran^^portation arc here to ^tny 

’k Aiff <» Act o/ /PNx ^'rtion.n 301 (Puhijr no 
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and that the railroads will never again have the almost complete 
monopoly they once enjoyed, there is much in the present situation to 
justify the statement made bj' the Interstate Commerce Commission, in 
1931, that "the railroads now furnish the backbone and most of the other 
bones of the transportation system of the country and we believe that 
this will be the situation for a long time to come.” 



31 

The Automobile Industry 


Growth of the Automobile Industry 

Some 30 years ago, when a leader in the automobile industry predicted 
that 500,000 cars a year would be produced in the United States, a well- 
Icnown banker stalked from the room in disgust and let it be Icnown he 
thought such ideas deserved no consideration* 

At the time, undoubtedly many more people agreed with the banker 
than with the motorcar manufacturer. The fact that, in every year 
since 1914, this hazardous estimate has been exceeded only goes to 
indicate the tremendously rapid development of the automobile industry 
and how it beggars all attempts at description. 

Progress has been steady. During the depression decade 1930 through 
1940, American factories in this country and Canada produced 36,878,759 
passenger vehicles and trucks. Record output for any one year was 
made in 1929, when 5,621,045 cars and trucks were manufactured, with 
a wholesale value of §3,576,645,881, but the 5,000,000 mark was also 
exceeded in 1937, when 5,016,437 cars and trucks, valued at §2,971,- 
027,641, were built. By January 1, 1941, there were 31,950,000 motor 
vehicles registered in this country, as compared with only 9,231,941 
in 1920.1 

Young in point of years, the automobile industry has already passed 
from adolescence to maturity. In its own magnitude, in its effect on 
other industries and callings, and in the changes it has wrought in a 
thousand different places, the automobile probably has contributed as 
much as, if not more than, any other single factor to our modem economic 
development. 


Economic Significance of the Industry 

Some idea of its size and scope may be gathered from a few bare facts 
regarding the industry. In value of its output, motorcar manufacture 
outranks all other manufacturing industries in this country. The export 
of automotive goods is the third most important item of the nation^s 
foreign trade, being exceeded only by machinery and refined petroleum 

^ World registration of motor vehicles for 1940 tos 47,000,000. 

679 




680 


THE AUTOMOBILE INDUSTRY 


products. In response to these tremendous demands for its products, 
the industry has developed methods of manufacture and mass production 
previously considered beyond the realm of possibility. In addition, 
automobile merchants and manufactm'ers have developed, both in this 
country and abroad, one of the most extensive systems of distribution 
ever established. 

Furthermore, net tangible capital invested in motor-vehicle manufac- 
turing plants in the United States, at the close of 1939, amounted to 
$1,302,900,000, in addition to other large capital investments in com- 
panies manufacturing automobile parts, bodies, accessories, ,and tires 
and in dealer establishments. 

The industry, 40 years ago only an idea shared by a few pioneering 
men, is now responsible for one seventh of the nation’s pay envelopes. 
Dircctlj’' or indirectly, it furnished employment in 1939 to 6,500,000 men 
and women. Of this number, about 443,000 are directly employed in 
the production of motor vehicles, while the others find work in related 
fields of endeavor or in industries and callings created b^’’ the motorcar 
industry. Sales and ser\dcing of motor vehicles in 1939, for example, 
required more than 1,175,000 people. There were in that year more 
than 3,650,000 truck drivers and about 143,000 bus drivers. The remain- 
ing workers are employed in automobile parts and accessory factories, in 
petroleum refineries, in road construction and maintenance, as taxi drivers 
and chauffeurs, and in many other similar capacities. 

In addition, the motor vehicle makes important contributions to other 
industries and producers of raw materials T^^iat the automobile means 
to such industries and producers can best be determined from the fact 
that it ranks as the most important customer for six commodities and 
for six forms of steel or iron. In 1939, for example, the industry used 
90 per cent of the gasoline, 80 per cent of tlie rubber, 75 per cent of 
the plate glass, 23 per cent of the nickel, 34 per cent of the lead, and 
40 per cent of the mohair consumed in this countiy. Furthermore, in 
the same year, the industry purchased 49 per cent of the strip steel, 51 per 
cent of the malleable iron, 33 per cent of the iron bars, 44 per cent of 
the iron sheets, 55 per cent of the alloy steel, and 18 per cent of all forms 
of steel produced in the United States. Other raw materials, most of 
which are demanded in increasing amounts by the automobile industry, 
included^ 68 per cent of the upholstery leather, 9.7 per cent of the alu- 
minum, 13.7 per cent of the copper, 11.4 per cent of the tin, 10 per cent 
of the cotton, and 12,1 per cent of the zinc consumed in 1939 in this 
country. 

The farmer has a valuable financial stake in the motor industry, which 
annually requires agricultural products, such as soybeans, corn, flaxseed, 
and many others, from some 2,500,000 acres. 

It is estimated that the American people spend approximately one tenth 
of their national income for the purchase and operation of automobiles. 
Of this amoimt, about $4,000,000,000 is for the purchase of new and used 
cars and trucks, with approximately equal expenditures incidental to 
their operation, including such items as gasoline and oil, garage rent and 
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repair services, replacement parts, and automotive taxation and insurance. 
Recent studies have disclosed that, save only for food, housing, and 
clothing, persons in the United States spend more money for motorcar 
transportation than for an}’' other single classification of merchandise. 
Thus, it is evident that this form of transportation is generally regarded 
in the United States as a necessary adjunct of the present mode of living, 
since it ranks in importance even with food in its place in the family 
budget. 

Consequently, because of the great number of people for whom it 
furnishes employment, the market it constitutes for other industries, 
and the important role it plays in retail trade, the automobile industrj’' 
obviously is a factor of great importance in modern American economy. 
When this industry is enjoying good business, a practical and also a 
psychological advantage is communicated to all these other kindred and 
related lines. Conversely, it is difficult for trade and industry generally 
to flourish in the face of a temporary recession in the automobile business. 

I 

Early History of the Automobile 

Early steam-propelled road carriages. For many years before the 
automobile industr}’^ as such began to develop, steam locomotives were 
in general use on railroads in this country and abroad. Steam-propelled 
road vehicles had been operated with limited success even before the 
locomotive was perfected. 

Experimental work of this nature was not confined to any one country, 
for the pioneers in the field included Nicholas Joseph Cugnot in France, 
Murdock, Symington, and Trevithick in England, and Oliver Evans in 
the United States. Cugnot built his car between the years 1763 and 1769. 
The boiler was so small it would operate only a few minutes at a time 
before it stopped until the pressure was built up again. Murdock’s 
vehicle was a model employing atmospheric-pressure steam power, result- 
ing in an engine too huge and cumbersome to be suited for self-propelled 
vehicles. Symington’s carriage was also a model. Trevithick, who 
produced his first models of a portable high-pressure engine about 1796 
or 1797, appears to be responsible for the mastery of high-pressure steam. 
His portable power unit was suitable for road vehicles. Trevithick built 
one and ran it on Christmas Eve, 1801. Evans was also a pioneer builder 
of high-pressure steam engines, primarily of the stationary type. A 
number of other inventors, including Anderson, James, Gurney, Hancock, 
and Macaroni, all built successful steam road vehicles Another inven- 
tion of importance in automobile history during this period was that of 
the differential gear by Pacquer, a French watchmaker, in 1827. 

Development of the internal-combustion engine. Soon after 1830, 
the interest of engineers and experimenters turned from the steam engine, 
which had reached a comparatively high degree of perfection in the steam 
locomotive, to the problem of the internal-combustion engine Their 
combined efforts reached fruition when a Frenchman, Lenoir, invented 
the gas engine in 1860. 
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Work on internal-combustion engines prior to Lenoir probably had 
little, if any, effect on their subsequent history. Lenoir modeled his 
engine after the steam engine, drawing in the gas-air mixture, then firing 
it and ediausting it on the return stroke. This cycle took place on both 
sides of the piston, and the engine was equipped with a crosshead, as in 
a steam engine. Another great step forward in the development of the 
internal-combustion engine was the 4-stroke cycle, in which the gas is 
compressed before ignition, thus greatly increasing the power of the 
engine. This 4-stroke cycle is commonly called the *'Otto cycle, after 
Dr. Nathan Otto, who developed it in 1876, although Beau de Rochas 
claims to have proposed it first in a treatise published in France in 1862. 
This engme is the one most generally used in motor vehicles, especially 
in the United States, and, as such, is really the foundation of the entire 
automobile industry. Several important improvements to the Otto-cycle 
engine were added by Daimler and Maybach. Daimler was managing 
director of the firm of Otto and Langen and directed the building of the 
first 4-stroke-cycle gas engine. His contribution to the automobile 
engine was the development of a practical high-speed vertical engine. 
Maybach, Daimler’s assistant, was responsible for the float-feed spray 
carburetor. 

The first internal-combustion motorcar. In 1885, Carl Benz, a 
German, built the first internal-combustion engine to function prac- 
tically, mounting it in a crude frame and driving it through the streets 
of Jilannheim, Germany. Daimler, who had confined his attention after 
1882 to producing a practical automobile engine, was not successful in 
his efforts to build an engine he considered satisfactory to mount in a 
4- wheeled carriage until 1886. However, it was chiefl}’' through Daimler’s 
plodding, painstaking work that a gasoline engine was produced capable 
of displacing in a few years the already well-developed steam vehicle. 

Levassor’s contribution — construction principles and design. By 
1889, when Daimler had completed his 2-cylinder engine, the steam car 
had been developed to a light, practical road vehicle capable of speeds 
of 25 to 30 miles an hour, the term “chauffeur” being originally applied 
to the stoker. Daimler’s representative in France interested Emile 
Levassor, of the woodworking machinery firm of Panhard and Levassor, 
in the French rights for the Daimler engine. Levassor quickly recognized 
the necessity of building a car suitable for the engine rather than instal- 
ling tlie engine in a carriage. He conceded the idea of a central frame 
to carr}^ the power unit and to serve as the basis for the body and 
superstructure of the car. His contribution was of prime importance, 
for imtil that time, motor vehicles had been little more tlian carriages 
or buggies powered by a motor. This type of construction was correct 
when an animal was used to draw the vehicle, but it was definitely wrong 
when an internal-combustion engine was substituted as the source of 
power. In 1892, the firm of Panhard and Levassor issued the first auto- 
mobile catalogue for a standardized car. The motor vehicle developed 
by this firm consisted of a regulation chassis frame, a running gear 
beneath the frame, and the tw'o separated by elliptical springs, an engine 
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at the front end of the chassis, and the passenger body at the rear. Thus, 
the running gear, the power plant, and the body were separated so that 
each could be designed and constructed most efficiently. All subsequent 
motorcar design has followed this practice. Every important principle 
necessary to the satisfactory motor vehicle was applied in this car. 
There has been no essential change in the theory or practice of motorcar 
construction since, for none was necessary, although automotive engineers 
have made many improvements and refinements in the original design. 

Advent of the rubber tire. Soon after the discovery of a process for 
vulcanizing rubber, it became possible to manufacture solid rubber tires 
for carriages. Early in tlie development of the automobile, the necessity 



Fig. 1. First motorcar m Ireland/ 


was recognized for some kind of tire that would not cut into the road and 
jar the machine as the iron-tired wheels did. The pneumatic tire had 
replaced the solid tire on bicycles largely through its superiority in 
bicycle races. Applied to the automobile, the pneumatic tire made for 
much greater riding comfort and eliminated the unpleasant bumping 
which had previously characterized all motor vehicles. The introduction 
of pneumatic tires and improved construction principles made possible 
the modern motorcar and prepared the way for the rapid expansion of 
ensuing years. 

The automobile shown in Figure 1 is typical of the early European 

’Oi'eupjuits of c.nr (left to right) r Sir William GofT. W, GofT, Jr., J. G. GIo\er, 

W. Oglo, and C.aptnin Uoberts 









684 


THE AUTOMOBILE INDUSTRV 


car. It Tvas the first car to appear in Ireland^ June, 1900, and was 
driven by Sir William Goff some 50 miles, covered in 10 hours. This 
speed, however, had been greatly exceeded by earlier cars, the Paris- 
Bordeaux-Paris course in the 1894: races being covered at an average 
speed of 15% miles per hour, while in 1899 a car built by Peugeot had 
attained a speed of more than 47 miles per hour. 

Contribution of American engineers. European inventors and engi- 
neers had contributed the greater part of the development of the motor- 
car up to this point. The art was still in its infancy in the United States. 
Building the first American automobile required, not so much inventive 
genius, as the ability to incorporate into a motor vehicle the principles 
and ideas of European construction. Since that time, the industrj’’ in 
the United States has made some important contributions, chief among 
them being mass production and the continued program of constant 
improvement of existing models. Through engineering improvements 
and standardized manufacture, which reduced prices, the industry in this 
country has made it possible for persons even of moderate means to ovm 
and operate an automobile. 

Early History of the Automobile in the United States 

Early developments — steam cars versus gasoline cars. In the 
United States, the steam car developed much more rapidly at first than 
did the gasoline car. By 1900, it appeared as if steam were to be the 
dominant form of motive power for motor vehicles. However, the rapid 
improA^ement and use of the gasoline car in the years immediatel}’' there- 
after soon turned the tide in iavor of that type of automobile. The shift 
from steam to gasoline was brought about by the fact that the car using 
gasoline demanded less care and A’ery little mechanical knowledge on the 
part of the operator. The low price of gasoline was an additional factor 
of considerable importance. A greater number of manufacturers of gaso- 
line cars, together with aggressive advertising campaigns, also contributed 
to popularize this form of transportation. Hence, the market for steam 
cars gradually dwindled, until, by 1911, the Stanley was the only steam 
car being manufactured by an important company. 

First successful American gasoline motor vehicle. Meanwhile, in 
1892, Charles E. Dur^ma built the first successful gasoline motor vehicle 
in this countr 5 \ The next year, Henrj^ Ford and Ransom E. Olds con- 
structed and ran gasoline motorcars of their own design. In 1894, 
Elwood Ha^mes and the Apperson Brothers also built successful motor- 
cars. Increasing numbers of experimental A^ehicles appeared on the 
roads and highways during the last years of the century. > 

Approximately 300 cars were manufactured in this coimtrj’' between 
1886 and 1898, the majority electric and steam. Yet even in the latter 
year, the automobile industry was not separately classified in the Census. 
It was just on the eve of its rapid development. Sales of gasoline cars 
were^ few and scattered. Even in 1900, when Olds had come into pro- 
duction and built more than 400 cars, the total output of Aphides for the 
year consisted of 1,681 steam, 1575 electric, and 936 gasoline cars. 
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TAiu.r. I 

PUODUCTJON OF Al)TOMOniLli:S IX THE UNITED STATES 

for 1021 to dulo nre '‘fnrtory for United States jilnnts and “production” for 

Canadum. 

roreij:u a‘*'«emb1ie'‘ of pruts mimufaoturo<l in the United States arc inoUidcyl m tins table as 
ueU an in the monthly InuiruH ionii>»led b> the United Statos Oii^uh IJurciui. 


lV«r 

PopubUi'^.n 

1 Total ('(irs aivl True! s ^ 

Xnnthfr 

Value 

tlK)0' . 

73,99 1,573 

•1,102 

81,899,443 

I'.Ol. , 

77,747^02'* 

7,000 

8,183,000 

11H)2 . . 

70,305,390^ 

0,000 

10,395,000 

\m . . 

R0,0‘<3,390- 


13,000,000 

100 F , 

82,001,381'- 


21,020, -ISO 

mri 

81,210,378' 

25,000 

10,000,000 

1 HXIG 

,S.),S37,372' 

31,000 

02,000,000 

1<W7 

S7,i5:>,3r>rr 

41,000 

93,400,000 

1fM)S . . , 

89,073,300* 

05,000 

137,800,000 

19()1>'. . 

90,091,35 F 

130,980 

105,148,529 

1010 . . 

91,072,200 

. 187,000 

22,'), 000, 000 

1911 

03,082,180* 

210,000 

210,000,000 

1012 

95,097,208'- 

378,000 

378, 000, (KK) 

1013 ... . 

00,512,407^ 

485,000 

•1-13,002,000 

lOlt' . . 

97.927, 5UF 

5()9,051 

453,957,843 

i9ir> 

99,312,(i25" 

909,930 

701,778,000 

1910 

100,757,755'^ 

1,017,708 

1,082,378,000 

1917 

102,172,815“ 

1,873,010 

1.274,488,4 19 

191S 

103,587,955" 

1,170,080 

1,230,100,017 

1019 

105,003,005“ 

1,933,595 

],8S.),H2,51f) 

1020 

105,710.020 

2,227,349 

2,232,120,373 

102 V' 

i 108,207,853“ 

1,082,305 

1,201,000,550 

1922’' . 

1 109,872,075" 

2,010,229 

1,703,022,708 

1923'' 

I 111,537,497" 

1,180,450 

2,592,033,428 

102F 

113,202,319- 

3,737,780 

2,307,413,015 

l92iV^ 

114,807,141" 

1,427,800 

3,015,103,502 

1920*' 

110,531,903* 

4,50:),6G1 

3,21 1,817,401 

1927^' 

118,190,785" 

3,580,380 

2,700,705,743 

192S'' . . 

119,801,007" 

4,001,141 

3,102,798,880 

1929^ . 

121,520,429" 

5,021,715 

3,570,015,881 

193(y' . 

122,775,010 

3,510,178 

2,128,792,145 

193F 

121,070,000" 

2,172,359 

1,001,580,000 

1932*' 

125,000,000* 

1,431,544 

1,017,307,000 

loss'* 

125,770,000* 

1,985,909 

987,430,289 

103 F 

120,020,000'* 

2,800,903 

1,537,290,330 

1935'^ 

127,521,000* 

4,119,811 

2,187,810,702 

1030^ 

128,420,000* 

4,010,274 

2,574,421,805 

1937*' 

129,257,000* 

5,010,137 

2,971,027,641 

193S'' 

130,215,000* 

2,055,171 

1,717,150,414 

1030’' 

131,000,000* 

3,732,718'* 

2,418,030,605'* 

1910 

131,CC9,275<* 

4,409,354 

3,012,100,000 


•Fiom United States Conaua reports for fiscal year ended Juno 30, 1900. 

^ FiRuies include production of plants located in Canada 

♦ Estimated figures, from SlatiUical Abstract of the United States (1939), Table No. 12, 
page 10 

Estimated. 
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First approach toward mass production. It should be understood, of 
course, that these early cars were not “manufactured” in the modern sense 
of the word. Rather, they were elaborately, albeit crudely, built by 
hand with such tools as were available. The first instance of anything 
approaching mass production occurred in 1898, when the Mitchell-Lewis 
j\Iotor Car Company of Racine, Wisconsin, manufactured 500 3-wheeled 
motor vehicles for the European market. The next year, Amzi L Barber, 
an asphalt manufacturer, purchased the interest of the Stanley Brothers, 
tv'o pioneers in steam cars, and formed the Locomobile Company of 
America. The second year he was in business, Barber manufactured 
and sold more than 1,000 cars. 

The Olds jMotor Works produced 400 cars on a commercial scale in 
1901 and nearly 4,000 cars in 1903, before deserting the low-priced field. 
The Cadillac Company also pushed to the front of the field, achieving at 
this time an output of 30 to 40 cars a day. The Ford Motor Company 
was founded in 1903 and, by 1907, was beginning to think in terms of 
“mass production,” as compared with the output of automobile factories 
up to that time. Inefficiencies in factory methods were eliminated; new 
labor-saving devices were introduced. The whole tempo of the industry 
began to be speeded up. Ford succeeded in manufacturing 10,000 cars in 
1908, and other companies were not far behind in seeking to duplicate 
this feat. The result is that automobile production has risen pro- 
gressively since that time, with only periodic interruptions, as vnll be 
seen from Table I, giving production figures for the period from 1900 to 
1940. 


Automobile Mass Production 

The principle of division of labor. To understand this tremendous 
production of the modem automobile factory, it is first of all essential to 
realize that probably nowhere else has the principle of the division of 
labor been carried further. Each worker does just that bit of work for 
which he is particularly qualified. Thus, there is no waste energy, no 
waste motion. The modem automobile is made up of approximately 
15,000 parts, which must he designed, manufactured, and assembled. 
After the tremendously important contributions of the engineers, de- 
signers, and other technicians have been made, thought and skill, to a 
marked extent, are transferred from the worker to the machine, since 
practically all of the construction of the parts of a motorcar, and some 
of the assembly are done automatically by machine, only tended and 
watched over by the men in charge. The men employed as inspectors, 
welders, tool-and-die makers, skilled maintenance men, and metal finish- 
ing workers comprise more than one fourth of the total personnel of auto- 
mobile^ and antomobile-parts plants. Thus, through the application of 
the principle of division of labor, the industry has made continuous 
progress toward a better product at lower cost. 

Factors responsible for mass production. The evolution of the pres- 
ent system of mass production is worthy of the keenest study, for it is 
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undoubtedly one of the notable examples of American genius and effi- 
ciency. 

American manufacturers began early to specialize in production of cars 
with interchangeable parts — that is, each manufacturer built cars 
so that parts made for any one car would fit all the others of that 
particular model. This fact was graphically illustrated when Henry M 
Leland took three American cars to England in 1903, drove them around 
the Brooklands race track, took them apart, substituted 91 stock parts 
taken indiscriminately from the cars, and then reassembled three com- 
plete machines from the confused pile of parts. 

Some years later, Henry Ford gave further impetus to this practice 
when he decided upon liis universal model T, which was to follow the 
theory of infcrcliangeable parts to its final conclusion. For in Ford^s 
plans, the car was to be always of one color — black — and so standardized 
that owners could keep their machine up to date merely by purchasing 
and adding new improvements as they were developed from time to time 
at the factoiy. Even more important, perhaps, was Ford's determination 
to have the various parts of his car made so accurately that there would 
be no ncces«jity to make tlie s)igl)test adjustment when the car was being 
assembled. Eacli part was to fit snugly and smoothly into its appointed 
place in the machine. 

This kind of manufactui’ing, commonplace as it is toda}^ was a bolt out 
of the blue wljon Ford propounded it to a startled automobile industrj^ in 
1907. Speaking of Ford's plans and how effectively they worked out in 
actual practice, the C^jclo and A7Uo??iob{le Trade accurately said: 

The \itmost care vas taken to have the parts of the car absolutely 
machined to size. No supplcmentarj'- fitting was possible m the scheme. 

Every part must go into place without causing a moment's delay m the 
assembly room. 

The manufactunng world stood aghast. Only very few believed Ford 
would progress far with so radical a departure. But he did . , . and 
the principles laid down in Henry Ford's general scheme are sub- 
stantially those that prevail in the industry today. 

The principle of standardization. Wliile individual manufacturers 
advanced from the stage of hand fabrication to a system of interchange- 
able parts in their cars, there nevertheless remained a wide divergence 
between the individual requirements of different companies with respect 
to parts and acessories. For example, in 1911, one company manufac- 
uring lock washers for the industiy was compelled to supplj'' 800 different 
sizes of such washers to be used with bolts having a diameter vaiying 
between three sixteenths and one half of an inch. So different were the 
various demands of the industry that, altogether, 1,600 sizes of steel 
tubing and 135 different grades of steel were being specified by the manu- 
facturers. The folly of this practice, which could easily be eliminated 
by having certain standard sizes for various components of every motor- 
car, gradually became apparent, largely through the work of the Society 
of Automotive Engineers. Founded in 1904, with only four members at 
the first meeting, the society has filled a definite need in the automobile 
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industrj^ and is today the leading technical organization of the industry. 
The formation of its Standards Committee in 1910 definitely pointed the 
way to simplification of engineering practice, while not impeding the 
expression of justified individualism in construction or design of motor- 
cars. 

T^Hieel sizes, tire fastenings, cotter-pin sizes, spark-plug sizes, axles, 
valve seatings, screws, lock washers, spring parts, bearing parts, and a 
host of other minor parts have all been standardized to a great extent. 
Standardization has affected mass production, in turn, by lessening the 
price of parts going into the car and hence enlarging the potential 
market for the automobile industry. 

Reorganization of the Ford plant. Ford^s introduction of a uni- 
versal model and interchangeable parts made it possible for Walter E. 
Flanders, who became Ford^s production manager in 1908, to effect 
numeious improvements in attempting to step up the plant^s capacity 
to produce 10,000 cars a year. Flanders immediately reorganized the 
entire Ford factor}^ He adapted many of the existing machine tools to 
the new models he was to produce; he manufactured jigs, fixtures, dies, 
and templates for other parts; and finally he supervised the quality of 
materials going into the cars. It was through such methods that the 
Ford factory, under Flanders^ management, achieved the notable record 
of producing 10,000 cars in one year — an unprecedented achievement 
at that time in the history" of the automobile industry. 

Flanders’ contribution to the industry. Flanders soon left the Ford 
company to join B. F. Everitt and William E. Metzger in forming the 
E-JI-F Company to manufacture a car known as the “E-M-F 30,” which 
was important because it was a “jig job” — that is, each part on which 
a mechanical operation was to be performed was brought to tha^t opera- 
tion tightly clamped into a frame corresponding in its dimensions to 
the base of tlie tool which was to perform the operation. The use of 
these mechanical aids in manufacture resulted in a degree of accuracy 
and uniformity of production that would othei’vdse have been impossible 
Flanders also contributed materially to automotive production by de- 
veloping and perfecting automatic machineiy which had been'^> almost 
neglected. For example, he produced millers which simultaneously 
smoothed two or more faces of a casting and developed automatic screw 
machines, gear cutters, and die presses. In short, he applied to the pro- 
duction of automobiles practices and methods which had been in use 
for some time in the production of other machines, such as sewing 
machines, bicycles, and har\^esters. 

Automobile production. These and other improvements gradualty 
prepared the way for the manufacturing methods of the modem auto- 
mobile factory, which may be briefly described. There are really" three 
steps in automobile production; (1) the raw materials are made into 
parts; (2) the parts are combined into nine primary’' units; (3) the units 
in turn are assembled into the complete car. In many instances, whole 
factories are given over to the manufacture of parts, which can tlien be 
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shipped to branch assemblj'^ plants throughout the country, thus effecting 
considerable savings in transportation costs. 

Mannfactxiring parts » The usual automobile factory manufacturing 
parts is grouped into numerous departments, each of which handles a 
single part, transforming it from the original crude form into a finished 
product. Tlius, a rough forging or casting will emerge as a finished part, 
ready to be combined ^Yith other parts into a unit. 

Primary assemblies. After they have been completed and inspected, 
these parts are either shipped to distant assembly plants or carried by 
belts or overhead conveyors to points within the same factory to be 
assembled into the primary units of the car, such as tlie motor, radiator, 
dash (including the wheel), frame, body, gas tank, wheels, and the front 
and rear axles. 

Final assexnbly — the assembly line. These primar}^ units, in turn, are 
taken by various automatic carriers to the main assembly line to be built 
with amazing swiftness and dexterity into completed motor vehicles 
The assembly line itself, which is particularly distinctive of the automo- 
bile industry and exemplifies a principle which is now in general applica- 
tion throughout most manufacturing industries, is a moving platform 
about 18 inches high upon which the automobile is graduallj’” built up. 
The assembly line is usually electrically operated. Assembly of the car 
begins when the frame is placed on the line in an inverted position. As 
the frame moves along, at the rate of approximately 18 feet per minute, 
various units and subassemblies arc quickly added. 

Each man along the line has one or more specific^operations to perform 
on each automobile, and all material used in the assembly is either held 
in quantity at the point on the line where it is being used or is delivered 
there by overhead conveyois. 

The first units added to tlie frame are the rear aiid front springs. 
They arc followed by the rear-axle assembly, complete with brake equip- 
ment and next the shock absorbers. At this point, the frame and auxili- 
aiy equipment, which have been in an inverted position, are turned up- 
riglit. Parts now added in order are the hydraulic brake tubmg, sway 
eliminator, propeller shaft, muffier assemblj’’ and gas tank, and the engine 
which is received from the motor assembly line. 

Importance of inspection. To insure accuracy, following practically 
each operation, every part is inspected, and checked with infinite care, so 
that there is little possibility of its exceeding the allowable limit of error. 
In the modern motorcar factory, several thousand dimensions of different 
parts must check within one one thousandth of an inch of the prescribed 
size, or within the smallest fraction of an ounce in weight. There are 
some inspections, made with the aid of the most delicate micrometers, 
for one tenth of one thousandth of an inch. Only in this way is it pos- 
sible to make sure that the complete car will prove as satisfactory and as 
smooth in performance as it is designed to do. 

Motor assembly. A complete and subordinate assembly process, also 
of vital interest because of its importance, has meanwhile been going on 
in another part of the factory, leading to the assembly of complete engine 




Pig. 2. Plymouth plant of Chrysler Motor Company at Detroit, Michigan, contains largest a*5«;ombly line in the world j at full 

capacity it cun tmn out 3 rais per nunute. 
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units. First of all, the motor blocks are brought to the assembly con- 
veyor, already assembled with valve mechanism, pistons, connecting rods, 
and the upper halves of the main bearings. The pistons are carefully 
selected and matched. In the Plymouth, for example, a variation of 
only two hundredths of 1 pound is allowed in an entire set. The same 
care is used in matching up the connecting rod sets, with an equally small 
limit of error. 

On the assembly line, the motor takes shape very rapidly. The block 
goes on the line in an inverted position, thus permitting access to the 
engine interior. Then the crankshaft, flywheel, and clutch assembly are 
installed and the crankshaft bearings tightened. Each shaft must be 
absolutely balanced at rest as well as in rotation. 

After the crankshaft has been installed, the connecting rods are con- 
nected and the bearing caps put in place. Then the oil pump and oil 
lines to the pump are installed, the flywheel housing is added, and the 
timing-gear case is put on. After the oil pan has been added, the motor 
is turned over, bringing it to an upright position, and the cylinder head 
is then installed. The spark plugs are inserted, the transmission, brake, 
and clutch parts are put in place, as well as the manifolds, fan, electrical 
equipment, and carburetor. Then, after the carburetor has been in- 
stalled, the engine number is stamped into the block, the oil caps are put 
in place, grease is forced into the transmission, and the engine is finished 
and ready for the testing room. 

Tod ay ^s motorcars are designed to perform so notably and with such 
precision that constant testing is necessarj^ during the construction 
process to make sure that they are capable of performing the feats claimed 
for them. In the Chrysler factories, and it is true of practically every 
automobile manufacturer, the finished engines are transferred from the 
assembly line over to what is kno\\Ti as the ^Testing line” and carried 
down to the testing section, where overhead hoists are used to transfer 
them from the line to the running-in stands. During this entire time, it 
is being carefully inspected by several skilled mechanics to see that 
eveiy part is working properly and that the engine '^sounds” right 

It is of interest to note that, while they are on the stands for this 
testing period, the motors are fueled with regular illuminating gas, which 
is mixed with a large amount of air to make it highly combustible. At 
the conclusion of the 2-hour period, the engine is put back on the engine- 
assembly line and carried around to the dynamometer-test room. Here 
each engine must show the normal horsepower expected of it, or it is^re- 
jected. In order that the test on the dynamometer may be based’ on 
normal operating conditions, gasoline is used as fuel and is put through 
the engine’s own carburetor. 

'When it has satisfactorily passed all these various tests, the engine 
goes to the overhead platform over the main assembly line, where it is 
lowered through a hatchway to the waiting chassis and mounted there. 

Completing assembly of the car. With the engine installed, the 
chassis passes into a booth where it is enameled. High-pressure spray 
guns are used to insure an even application of enamel to all parts. Cylin- 
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der head; carburetor, and other parts not to be enauiclod arc carefully 
protected by masks during the spraying. From the enameling booth, the 
chassis passes into an overhead, electrically^ heated oven for drying. 

After the chassis emerges completely diy and with the brilliant luster 
which is such a distinctive feature of todaj^^s automobiles, the speed of 
assembly appears to be heightened, largely because exterior parts like 
the wheels, with tires mounted and already inflated, are added, as are 
also the air cleaner, steering-gear assembly, rear bumper and rubber 
body mountings. 

In the meantime, the body has been received on another assembly 
line. As the body moves along, tlie dash is installed, the windsnield 
wipers are added, and the body is wired. The instrument panel is put 
in place, and added» in order, arc the fender welts, rear fenders, glove 
box, body hardware, radiator case, front fenders, horn, battery, and 
head lamps. 

The chassis is now ready for the body, whicli is picked up from the 
body-conditioning line by an overhead cabin hoist and brought to the 
main assembly line. Persons witnessing tlie assembly process for the 
first time are often led to comment upon the dexterity and precision with 
which the hoist operator maneuvers the body and allows it to come into 
position on the chassis. With the body in place, the body bolts arc 
tightened; the instruments are connected to the engine; the running 
boards, or body side shields, are added; the front bumper is installed; 
and the steering tvheel, hood hinges, floor covering, and one-piece hood 
top are put in place. Gasoline and W’ater are now poured in, the liead- 
lights are aimed, and the car runs off the line under its own pow’er. 

One other set of rigorous tests still remains to eliminate all possible 
error and to make siure that each car is mechanically perfect. Going to 
the test stands, the completed cars are checked 'with respect to every 
phase of their operation, including the performance of carburetor, brakes, 
transmission, and clutch. From the test stand, the cars go to a final 
inspection line to receive a thorough and searching inspection that in- 
cludes all equipment, doors, locks, hinges, 'wdndow mechanism, exterior 
finish, interior trim, lights, and starter. Once they have passed this final 
test, the cars are ready for immediate delivery or for shipment to dealers 
in all parts of the world 

Production control. The guiding principle of motorcar production is 
0 save lime by bringing the material to the w'orker and not having the 
worker go to the material, as was formerly the case. Moreover, each 
man^ or group of men performs a special function on each car. This 
e iminates delay which might otherwise develop as a result of the wwlc- 
ers lack of familiarity wdth what he is doing, -The men are able to 
proficient in the various operations they perform, 
o efficient has the entire organization of automobile production become 
days from the time raw' material is purchased, a com- 
» e ed car built of this steel and rubber runs “off the line^’ under its owm 
^ achievement of this degree of perfection, a vast amount 
» lought and planning must go into the design and operation of the 
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modem factory. If confusion and chaos are to be avoided^ it is abso- 
lutely necessaiy that the arrangement of machinery and the movement 
of materials be planned with great exactness. Delay in obtaining a 
supply of any of the hundreds of parts entering into the manufacture of 
a car of necessity holds up the entire production organization, with ap- 
palling loss of time and money. 


1 



Fig 4 Plymouth special de luxe 4-door sedan 


Integration 

There was a time in the industry when each company sought to become 
completely self-suiScient, in order to insure a constant flow of parts and 
materials Contributing to the same result, also, was the desire to avoid 
paying a profit to manufacturers of parts and accessories Thus, one 
large company acquired forests in ^Michigan, coal fields in West Virginia, 
and an entire railroad to transport to its factories the products of mine 
and field which enter into the modern motorcar. Similarly, another out- 
standing unit in the industry achieved possibly an even greater degree of 
integration by merging with itself a large number of accessory and parts 
companies, so that now, in reality, its entire motorcar output is the 
product of its own organization. 

Since 1927, howevei, there has been a tendency on the part of some 
companies to confine their activities solely to building their ovna engines 
and to assembling their output from parts supplied by outside agencies, 
under contract. This change in practice can be explained in part by the 
fact that, as manufacturers shift from model to model, they are com- 
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peiled to bear considerable expense for altering even the assembly facili- 
ties of their factories. If to this is added the cost of retooling an entire 
plant which manufactures parts, the expense becomes almost prohibitive. 
It is these factors, chiefly, which have tended to lessen enthusiasm for 
controlling the entire production of motorcars, from raw materials to 
finisned automobiles, within a single organization. 

The Patent Situation 

Comparative freedom from restrictive effects of patents and patent 
litigations. It is a notable concomitant of tlie growth of the automobile 
industiy in this country that the automotive art has been remarkably 
free from the restrictive effects of patents and patent litigation. The 
reasons for this are several. In the first place, the American industry did 
not begin until after about 100 years of development in Europe. The 
Trevithick vehicle of 1801 is considered to be the first practical automo- 
tive veliicle. Prom that time on, a great many vehicles were made and 
a great deal of experience was gained. In the second place, the only 
patents based on European development to bother the American industr}^ 
would be patents that would still be in effect when the American industry 
began around 1900. It is true there were a number of inventions pat- 
ented in Europe that might have been covered by patents in this country 
which would still have been effective in 1900, but these patents were not 
taken out in this country. 

The chief exception to the small number of patents granted against the 
automobile industry was that of George B. Seldcn of Rochester, New 
York, applied for in 1879 and allowed to linger in the patent office until 
the industry was on the eve of a great development in 1895. This patent 
was understood to cover the use of an internal-combustion engine to 
propel a road vehicle. Practically all important manufacturers in this 
country joined the Association of Licensed Automobile Jlanufacturers 
and paid royalties from 1903 to 1911 for the right to use Selden’s principle 
in their cars. In the latter year, however, the courts ruled that Ford, 
who had fought the patent, had not infringed upon it, since he, together 
with most motorcar companies, was using an engine of the so-called 
“Otto type,” while Selden had based his patent application on what is 
knovm as the “Brayton engine.” Members of the association imme- 
diatelj^ ceased paying royalties, and the association was dissolved. Its 
place was taken by the Automobile Board of Trade, which in turn was 
succeeded, in 1913, by the National Automobile Chamber of Commerce. 
In 1934, the name of this organization was changed to the Automobile 
Manufacturers Association, the trade organization of the industry at the 
present time. 

Reciprocal interchange of patents. The danger of expensive litigation 
over such automotive patents as are in effect has been eliminated, since 
1915, by a cross-licensing arrangement. In effect, this constituted noth' 
ing more than a reciprocal interchange of patents among the members, 
without money consideration. The agreement of 1915 was for a lO-j'ear 
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period. It was renewed in 1925, in 1930, and again in 1935 for additional 
5«year periods. The agreement covers more than 1,000 separate patents 
relating to all parts of the motorcar. During the 25 years it has been in 
effect, there has not been a single patent suit between members regarding 
any patent covered by the agreement. However, to encourage engineer- 
ing progress and individuality, tlie arrangement provides that external 
body shapes and other “design patents,^’ and also patents applying to 
commercial motor vehicles, are not within its jurisdiction. 

In the third renewal of the agreement, in 1935, it was agreed that only 
patents obtained before 1930 should be included under its terms and, in 
addition, exempted patents developed by a corporation or division not 
engaged in building complete motor vehicles. This change was made 
because of the fact that several units in the industry" spend such large 
amounts in automotive research and development that it would be unfair 
to them to make new patents immediately available to the entire industry’’ 
without remuneration. 

The benefits of the cross-licensing pool are of great importance to the 
industry. Primarilj’", it has reduced the price of motorcars materially by 
eliminating practically all costs for royalties, which otherwise would 
have been paid by the various manufacturers and, indirectly, by the 
public. 


Geographic Concentration of the Industry 

Early in its histoiy, automobile production in the United States tended 
to become localized in a small number of centers, particularly in Michi- 
gan and Ohio. One of the chief reasons for the emergence of Michigan, 
and particularly the area around Detroit, as a manufacturing center is to 
be found in the number of early leaders in the industry who lived there: 
Henry Ford, Ransom E. Olds, David Buick, Charles King, Henry M. 
Leland, and others. Similarly, Ohio was the home of Alexander AVinton, 
the hite family, and the Peerless group. It was natural and fitting 
that these men should establish their factories at home and begin their 
production of automobiles there. 

Moreover, Michigan had earl^" become the scene of extensive iron and 
copper mining. The presence of these industries, together with the great 
timber supplies aAMilable there, encouraged the establishment of a wide 
variety of enterprises, including such dn^ergent interests as shipbuilding, 
carriage-and-wagon manufacture, and the production of steam and gaso- 
line engines for stationaiy use. Onio likewise had become a prominent 
industrial region, especially in steel prodiiction and the bicjxle industry. 
There were thus at hand a large number of men fitted by nature and 
experience to participate in the development of the new industry. 

Automobile production also tended to become concentrated because 
of the marked success of the early manufacturers in the two states already 
named. By 1907, Buick, Ford, Olds, Cadillac, Packard, and numerous 
other companies in the vicinity of Detroit were achieving notable records, 
which tended to draw other companies to the same locality. The pres- 
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ence of automobile manufacturing soon led to the development of a body 
of workmen skilled in the automotive art and available for new enter- 
prises. 

Even more important, perhaps, bankers in the Middle West, particu- 
larly Detroit, were early convinced of the possibilities of the motorcar 
industry. Hence, they were more willing to extend financial accom- 
modation than were the bankers in large Eastern cities* ' All these influ- 
ences combined to establish the automobile business as an almost local 
industry, and intervening years have done little to change the situation, 
except as branch assembly plants have been placed in various parts of 
the country to save transportation costs. 

Financing the Industry 

Early growth retarded by lack of capital. Early growth of the vari- 
ous automobile companies was retarded somewhat by lack of capital 
funds. The Ford Motor Company started with a capital of §28,000; the 
Hudson Motor Car Company* and others, with even smaller amounts. 
Consequently, the 3 ’’ compelled to build up their capital funds as 
they went along, largely out of earnings, whicli were immediately plowed , 
back into the enterprise. Thus, even today, the industry is remarkably 
free of fixed obligations, and cdpitalization consists largely of stock issues. 
With the exception of Dodge Brothers, no company became a large pro- 
ducer during its first year in the business. Public confidence was not 
sufficient to make it possible to distribute securities of the industry until 
it became more stabilized. Hence, many companies struggled along by 
obtaining parts on 60- to 90-day credit terms, by charging the distributor 
a deposit of as much as 20 per cent of tlie total value of the car when he 
placed his order, and by requiring full payment for the car upon delivery. 
In this way, it was possible to meet the parts-manufacturers^ bills as they 
became duo and to pay the employees. A surplus was gradually built 
up to insure the company's future and to provide for plant expansion as 
it became necessary. The demand for automobiles, for many years ex- 
ceeding the available supply, made such hand-to-mouth financing pos- 
sible. Yet, even under these circumstances, the passage of the years, 
the panic of 1907, and many other untoward events took a heavy toll of 
the companies in the industry. 

Automobile securities. It was not until 1910, when the General 
Motors Con^jpany offered an issue of 5-year notes, tlmt the first automo- 
bile securities were publicly dsstobuted. That same year investment 
bankers organized the United States Motor Company, offering its stock 
to the general public. In 1911, Studebaker Brothers Manufacturing 
Company, reincorporated as the Studebaker Corporation, absorbed the 
Everiit-Metzger-Flanders Company and issued $13,500,000 par value of 
7 per cent preferred stock Shortly afterward, securities of General 
Motors, Maxwell, and Studebaker were listed on the New York Stock 
Exchange. The Willys-Overland Company sold issues of common and 
preferred stock in 1915 to acquire a number of smaller units in the indus- 
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try. Also, the Chevrolet Motor Company, soon to obtain control of 
General Motors, successfully sold about $7,000,000 of cornmon stock in 
the same year. This step may be said to mark the end of the second 
period in automobile-company finance. In the intervening years, credit 
of automobile manufacturers has greatly improved. Stocks of practically 
all motor companies have been listed on leading exchanges, additional 
shares have been sold to the public, and "rights” to take up new issues at 
a concession have been oftcred to stockholders. Tlie yents since 1915 
have also rritnessed the association of investment bankers vrith the va- 
rious companies and the placing of their representatives on the respective 
boards of directors. 

Leadins Companies in the Industry 

Because of the tremendous savings made possible by large-scale oper- 
ations, motorcar production in this country^ has been concentrated to 
the extent that it is now in the hands of relatively few companies. Since 
practically all patents arc interchanged without financial remuneration, 
most manufacturers have no competitive advantage in this respect and 
, must depend for success solely upon the value of their product. Hence 
competition between various units is unusually keen and effective. Lead- 
ership can be attained only through sheer merit. 

Reference has already been made to the high mortality among motor- 
car companies. According to studies made by Dr. Ralph C. Epstein, 
181 different companies engaged in the manufacture of passenger cars 
from 1903 to 1926, inclusive. Of tliis number, 137 retired from the field, 
leaving only 44 passcngcr-car manufacturers at the end of the period. It 
is noteworthy, also, that only 11 automobile manufacturers were in busi- 
ness during tlie entire period. 

In recent years, three companies have accounted for about 90 per cent 
of the total passenger-car production in the United States, with about a 
dozen other companies competing for the remaining 10 per cent* of the 
^business. Domestic sales of the leading companies are shown in the 
following table, covering the period from 1934 through 1939: 

Success in the automobile industiy has largely depended upon the 
ability of indi\udual producers to anticipate what the public desires in 
motorcar performance and design. In the industry's formative period, 
when demand far exceeded available production, motorcar performance 
w'as deemed more important than design. Comparatively little atten- 
tion was given to the beauty of a car, provided it ran successfully and 
afforded the owner satisfactory service. The earty motorcar companies, 
with one or two notable exceptions, achieved leadership hy producing a 
serviceable car for the person of average means. More recently, how- 
ever, because of the generally high standard of motorcar performance, the 
public has come to consider such additional qualities as speed, style, 
beauty, and economy of operation when purchasing an automobile. 

Thus, the automobile industry in the United States has already passed 
through two eras, that of the "assembled car'' and that of the "engi- 
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neered car.” It is now entering upon a third era, tha,t of the “scientific 
car,” in which the automobile calls upon pure science for the improve- 
ments it offers the public. It has been the privilege of the Chrysler 
Corporation, through establishing design and construction on sound engi- 
neering principles, to take a prominent part in making the automobile a 
thing of beauty as well as a serviceable and dependable transportation 
vehicle. No longer is an automobile merely a power plant combined 
with a bugg>^ Today, it is a self-contained unit, designed and con- 
structed from top to bottom to conform to laiown needs and require- 
ments. Improvements have been made as the result of study, not only 
of the automobile, but also of the fundamental laws of nature and re- 
quirements of the human body, and then by adapting the car to the 
functions of both. Similarly, engine design has been improved to such 
an extent that the modern passenger car is characterized fully as much 
by its speed and performance as by its trim appearance. The distin- 
guishing features of the automobile of today are beauty, comfort, safety, 
and efficiency. 

TADIiU II 

NEW PASSENGER-CAR REGISTRATIONS BY MAKES FROM 1934 TO 1939 


Manufaclxircr 

1934 

1935 

me 

1937 

1938 

1939 

General Motors 
Corporation 

752,375 

1,052,297 

1,466,852 

1,414,186 

847,885 

1,158,871 

Chrysler Corpora- 
tion 

432,195 

629,243 

851,884 

883,572 

472,565 

641,299 

Ford Motor Com- 
pany. 

532,589 

828,889 

764,121 

791,176 

387,514 

567,320 

Graham . , 

12,887 

15,965 

16,439 

13,984 

4,139 

3,660 

Hudson 

59,817 

75,425 

99,296 

90,043 

40,889 

62,855 

Hupmobile 

6,56G 

7,450 

1,556 

403 

1,020 

907 

Nash 

23,616 

35,184 

43,070 

70,571 

31,814 

49,163 

54,050 

Packard 

6,552 

37,653 

68,772 

95,455 

62,005 

84,660 

Studebaker 

! 41,560 

i 39,573 

67,835 

70,048 

41,504 

Wihys . 

6,576 

10,439 

1 12,423 

51,411 

13,012 

14,734 

Miscellaneous 

13,824 

11,790 

1 12,249 

2,903 

1,5X6 

3,016 

Total 

1,888,557 

2,743,908 

3,404,497 

3,483,752 

1,891,021 

2,653,377 


Simultaneously, the benefits of modern production methods and im- 
proved manufacturing technique have gradually made it possible for the 
producer to diminish the cost of his product to the public. Notwith- 
standing the marked improvements of recent years in automotive design 
and performance, prices have constantly been lowered as conditions 
warranted. As a natural consequence of this wise policy, the public now 
obtains unprecedented values in motor- vehicle transportation. Although 
the modern automobile is vastly superior to the vehicle of 1925, the 
average retail price of cars has decreased some 24 per cent, or by almost 
one fourth, since 1925, The cost per pound of the 1939 model was but 
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S2G3, a? compared with a cost for the 1925 car of $.427 per pound. The 
cost per Ijorsepowcr in 1939 was $9 JO. compared with $31.50 in 1925. 
Put in another way, the automol)iIe dollar in 1939 was worth $1,24, as 
compared with 1925; wliercas, according to figures compiled by the 
United States Bureau of Labor Statistics, the urban cost-of-living dollar 
in 1939 was worth but $.82, as compared with that of the period 1923 to 
2925. 

Since the early days of the automobile, companies manufacturing a 
good low-priced car have enjoyed a large measure of succe^rs. The 
market for low-priced cars has steadily increased, until, in 1939, almost 
90 per cent of all passenger automobiles produced in tlic United States 
were priced, wholesale, at $750 or under. The trend in recent years 
toward a reduction in output of higher-priced cars and an increase in that 
of lower-priced cars is indicated by the following compilation: 


Taui.t: III 

PASSENGER-CAR PRODUCTION BY WHOLESALE PRICE CLASSES 
FOR THE UNITED STATES AND CANADA 


Year 

Cnrs Priced Under 
SI, 001 

Cara Pricul at 

St, 001 (n SO, 000 

Cars Priced al 
S^,0af //) S,^,Or)0 

( 'em Priced Over 
SSfiOO 




Ptr 

Cent 


Per 

Cent 


Per 

Cent 


Xtimhcr 

of 

Total 

Nxnnhrr 

of 

Tdal 

X timber 

of 

Total 

Xumh^r 

h 

192G 

3,283,58-J 

83.2% 

571,590 

115% 

73,738 

l.S^‘c 

19,031 

.5% 

1027 

2,443,800 

79 3 

571,327 

18.7 

50,004 

l.G 

15,103 

.4 

192S 

3,380,321 

S4.2 

501,505 

11.1 

55,301 

1.4 

11,958 


1929 

4,290,305 

S9.5 

445,420 

93 

47,587 

1.0 

11,520 


1030 

2,030.519 

90.8 

234,531 

S.i 

27,200 

.9 

8,841 

Wm 

1931 

1,905,177 

93.5 

114,533 

5.0 

12,714 

G 

5,759 


1932 

1,129,005 

95 3 

45,309 

3.S 

8,079 

.7 

2,532 

^9 

1933 

1,586,050 

97.5 

30,534 

1.9 

8,725 

.5 

2,052 

.1 

1034 

2,225,569 

9S.0 

35,907 

l.G 

0,879 

.3 

2,151 

.1 

1935 

3,342,513 

9S.G 

37,452 

1.17 

5,413 

.10 

2,428 

.07 

1936 

3,740,445 

98 5 

51,512 : 

1.35 

4,320 

.11 

1,584 

mm 

1937 

4,020,713 

98 8 

42,859 

1,08 

4,001 

.09 

1,302 


193S 


97.7 

45,821 i 

2.17 1 

2,101 

.10 
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1939 

2,919,014 

98.1 

53,337 

1.79 1 

1,870 

.00 

344 



These revealing figures lead students of automobile historj’ to believe 
that the future of any motor company will depend in large measure upon 
the success which it meets in the low-priced field, since it is expected that 
dominance in the industrj^ will continue to go to the companies pro- 
ducing the most satisfactory^ and desirable car priced under $1,000. Con- 
sequently, it is believed that competition in the low-priced field mil 
remain exceedingly keen, with accompanying benefits to the public. 
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Automobile Marketing 

Methods of marketing. The automobile market has been nation- 
wide almost from the beginnings ^\diereas production has been centralized. 
Consequently, actual distribution of the cars from manufacturer to pur- 
chaser was naturally effected through third parties, or dealers. With the 
development of the industiy, wholesalers were frequently placed in 
charge of dealers in extensive territories, sometimes including two or 
more states, to act as an additional link between the factory and the 
individual customer and to insure a closely Icnit system of distribution. 
From time to time, too, practically all companies have tried the ex- 
pedient of establishing their own branches to distribute cars to the public, 
and this method has met with vaiying success, since it depends for its 
effectiveness upon the personnel in charge of the branches and also upon 
the location of the branch. 

Principles governing sales. Distribution of automobiles through re- 
tail merchants or dealers, as distinguished from distribution through 
branches maintained by the manufacturer, is characterized by four basic 
principles. The first of these is that cars are sold, not on consignment, 
but outright. Second, all factory sales are for cash. Third, wholesale 
distributors are almost always expected also to sell at retail. Finally, 
because purchasers charge the manufacturer with responsibility for cars 
long after the actual sale is made, the relationship between merchant 
and manufacturer is close and vital. The retail merchant is the manu- 
facturer's direct contact with the public, so that the manufacturer must 
depend upon the merchant to assist in maintaining his reputation and 
good will, built up over a period of years and as a result of extensive 
advertising. * 

The basis of the existing relationship between automobile manufac- 
turers and merchants was brought out clearly by K, T. Keller, president 
of the Chrysler Corporation, speaking at a gathering of hundreds of 
dealers, when he said: 

The fundamentals of our relations with our dealers as we see them are 
these: First, a good product at a competitive price. Second, effective 
advertising and sales promotion to make the product known to the 
public. Third, a fair, business-hke arrangement betiveen dealer and 
factoiy on which a good merchant can make a success of selling and 
servicing that product. 

As this business is earned on today each of these three is essential to 
the others. All three are essential for your success and our own. And 
in all three we think the record is one on which both you and we can 
look with confidence and assurance that our mutual progress is con- 
tinuing. 

The automobile dealer. The automobile retail merchant, however,^ 
is not an ^^agenV' of the manufacturer. He is strictly independent, for 
lie not only buys his cars outright but also stores them until they are 
needed, bears the risks in storing them, and finances the transaction. 
Usually, the dealer is given exclusive right to his territory as a reward for 
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handling the product of one particular company. The arrangement be- 
tween manufacturer and merchant is usually terminable at will upon 
specified notice by cither part>^ 

Financing the purchase of automobiles. In the early days of the 
industry, when motorcars were considered little more than an expensive 
luxury, the buyer expected to pay cash for his purchase. With the in- 
troduction of the low-priced car, however, this practice has been greatly 
modified. Mass production has made the automobile available to per- 
sons of moderate means, provided they are able to purchase it on time 
payments. Moreover, since the automobile soon became a business nec- 
essity as well as a pleasure vehicle, many individuals preferred to pay 
for their cars out of earnings, rather than to make the full initial outlay 
upon taking possession. The financing by dealers of motorcar sales on 
time payments was not possible, for the average dealer has only a limited 
amount of capital and needs much of this to make his purchases from the 
facto^^^ Commercial banks did not care to enter the field because of 
the troublesome detail involved in small installment pa3'ments and the 
danger of ha^fing considerable numbers of repossessed cars on their hands. 
The result was that, beginning about 1915, automobile finance com- 
panies rapidty appeared to handle these time payments. Some of them 
were commercial credit companies alread^^ engaged in other fields, while 
a considerable number were organized for the express purpose of financing 
automobile sales. So widespread has this means of automobile purchase 
become that approximate!}^ 60 per cent of all cars in recent years have 
been bought on credit, which is handled by between 400 and 500 financing 
companies. 

Export sales. The export market also plaj^'s an important part in 
normal times in the distribution of motorcars. The war§ now being 
waged throughout the Eastern Hemisphere naturally have caused dislo- 
cations in the export market. 

In times of peace, various methods of reaching the export market have 
been emplo^-ed. Several important companies have maintained branch 
factories abroad to cultivate the market without pa 3 ?ing high protective 
tariffs on imported automobiles. Other large American units in the in- 
dustr}^ have established branch assembly plants outside the United States 
to assemble into complete cars the parts shipped to them from this coim- 
try and Canada, with distribution handled from the branch factor}^ 

' largely b}’' dealers bearing the same relation to the factor}^ that dealers do 
in America. Other exporters from the United States have maintained 
staffs of wholesalers in foreign countries who, in turn, distribute automo- 
tive products through resident dealers, while still other smaller manu- 
facturers have been dealing directly with their distributors by mail and 
cable, thus eliminating considerable organization expense. The wars in 
’“Europe and in Asia have interfered with all these types of export actm- 
ties and, in some instances, have caused them to cease entirely. 

The importance of the export market for the American automobile in- 
dustry is indicated the following table showing the proportion of the 
total production exported during the period 1934 to 1939: 
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Tablb IV 


EXPORTS AND FOREIGN SALES OF AMERICAN MOTOR VEHICLES 

(000 omitted) 


Year 

Total Produciion of 
Passenger Cars, 
TruclSf and Busses 

Exports, 

Including Foreign 

Assemhlies 

. . . 

Per Cent of 

Total Production 
Sold Abroad 

1934 

2,870 

427 

14.9% 

1935 . . . 

4,120 

508 

12.3 

1936... . , . 

4,616 1 

508 

I 11.0 

1937. . . 

5,015 

683 

13 5 

1938 

2,655 

492 

18.5 

1939 

3,733 

472 

12.6 

1940.. . 

4,469 

229 

5.1 


Reciprocal trade agreements negotiated i^dth foreign countries by the 
United States Government since 1934 helped substantially during peace- 
time to reduce barriers to automobile export trade, but a large number of 
these agreements are now inoperative, Canada is the chief foreign 
market for automobiles made in the United States. Excepting Canada, 
the Union of South Africa, in recent years, has purchased more passenger 
cars made in the United States than any other country, while Argentina 
has been the leading export market for motor trucks. 


Legislation Affecting the Industry 

Federal legislation. An excise tax of 2 per cent on trucks and 3 per 
cent on passenger automobiles was imposed on automobile manufacturers 
by the Revenue Act of 1932, and in 1940 both these excise taxes were 
increased, the tax on trucks to 2% per cent and the tax on passenger cars 
to zy^ per cent. The tax is paid on the sale price by the manufacturer 
or importer. The Federal Government also imposed a tax of 1 cent a 
gallon on gasoline in 1932, which was increased in 1940 to 1% cents a 
gallon. Manufacturers in the United States enjoy tariff protection under 
Federal legislation, and there are also Federal laws governing the opera- 
tion and ownership of motor vehicles 

State legislation. Each of the 48 states and the District of Columbia 
have drawn up their owm motor-vehicle codes, containing the laws and 
regulations in accordance with which it is necessary to operate in their 
particular commonwealth. As these codes differ widely in various parts 
of the country, widespread confusion and misunderstanding have often 
resulted. 

The first legislation of the various states affecting the motor vehicle 
was related to safety and usually consisted of restrictions in the matter 
of speed. Originally, a low rate of speed was considered essential to 
safety of operation, but as motorcar design improved, the animadversion 
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against speed has tended to disappear, and in many instances, it has 
been found ncccssarj’ to sliced up the traffic to avoid congestion and over- 
taxing limited highway facilities. 

With the increase in general use of the automobile, other restrictive 
legislation was also enacted in the interest of safety, for both the driver 
and the pedestrian. Almost all states have traffic codes prescribing how 
the car is to be driven under certain circumstances. The automobile 
owner also is required by law to ecjuip his car with such accessories as 
headlights, taillight, brakes, horn, rear-view mirror, and rnuffier cutout. 
The size and weight of cars and trucks allowed on highways arc also the 
subject of legislation in many instances. 

Registration of motor vehicles. The first law requiring the registra- 
tion of motor vehicles was passed in Kew York, in 1901. Other states 
followed in turn, so that, by 1914, everj' state in the Union required that 
all automobiles be registered, charging a fee for this privilege. At first, 
fees were always at a flat rate and registration continued automatical!}’ 
during the life of the car without renewal. Soon this was changed, how- 
ever, to an annual fee, which had to be paid from year to year. At pres- 
ent, most states charge a sliding scale of registration fees, determined by 
the weight of the car or the horsepower of the engine. Income from this 
source amounted to .$430,549,000 in 1939. 

Gasoline tax. An even more important source of income from the 
automobile has resulted from the tax on gasoline for use in motorcars. 
From the States of Colorado, Xorth Dakota, and Oregon, which taxed 
gasoline in 1919, the practice has spread rapidly, until now all states and 
the District of Columbia obtain substantial revenues in this manner. 
The tax varies in different states, ranging from 2 cents a gallon in I^Iis- 
souri and the District of Columbia to 7 cents a gallon in Florida, Louisi- 
ana, and Tennessee. In the calendar year 1939, $816,433,000 were col- 
lected by tlie states in gasoline taxes.^ IMost of the revenue yielded by 
these forms of taxation is e.x])ended for improving roads and highways 
throughout the countr}-. Taxation of the automobile industry is thus 
in a large degree responsible for the rapid increase in the e.xtent of good 
roads in this country, which, in turn, has been one of the most important 
causes of public interest in the motorcar and has contributed greatly to 
its popularity. 

Motorbus regulation. Recent years have also brought increasing 
regulation of the motorbtis, which has rapidly come to be one of the 
major means of transportation. In 1938, 49,200 common-carrier buses 
and 2,300 charter and sightseeing buses were in operation in this country. 
In 1940 there were 1M,000 motor buses in use and 3,750,000 children were 
carried to school daily by buses. In most instances, bus lines are com- 
pelled to obtain certificates of convenience and necessity, in order to 
avoid unreasonable duplication of transportation facilities. Buses are 
also required to have public liability or indenmitv insurance for the pro- 
tection of passengers and the general public. Their rates and facilities 

’ Gasoline taxes, federal, state, and municipal for 1940 amounted to Sl,120,000.000. 
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are regulated by state authorities. It has been estimated that, altogether, 
some 2,000 rules regulating bus operation arc on the statute books of the 
various states today. All these laws indicate the extent to wljich the 
automobile industry has been affected by legislation in the United States. 


Future of the Industry 

It is no less difficult today to forecast the future of the automobile in- 
dustry than it was when the banker mentioned at the beginning of this 
chapter scoffed at the idea that 500,000 motorcars would be made an- 
nually in the United States. In the brief intervening period, the industiy 
has contributed an epic chapter to the economic history of the nation. It 
has accomplished this by striving each year to give to the public greater 
values in products and seivices. That effort has kept progress on the 
march in the automobile industry. Automotive engineers are constantly 
testing new ideas and new methods for making better automobiles. From 
such engineering and from the hardheaded, sound management that en- 
abled the industiy to achieve efficient, large-scale production and distri- 
bution have flowed consumer benefits perhaps unparalleled in any other 
great industry, consumer benefits in the form of improved products and 
often at substantially reduced prices. These consumer benefits are re- 
flected in the remarkable groTslh of the industr^^ Continuance of its 
traditional policy of giving motorists greater values each year would 
seem to assure the industry a future that may well be even brighter than 
its past. 



Fig 5 Forecasting the automobile of tomorrow — the Chrysler “Thunderbolt.’ 





32 

The Aeronautical industry 


Introduction 

The aeronautical industry of today is in reality two industries. One 
is concerned with the manufacture of airplanes, engines, and such acces- 
sories as propellers, tires, and instruments; the other, with the trans- 
portation of mail, passengers, and merchandise on regular schedules over 
established routes. The problems and history of each are quite different. 
This difference is analogous to that between automobile manufacture 
and bus transportation. 

Both branches of the aviation industry are similar in one respect, how- 
ever: fundamentally, their existence has depended on Government sup- 
port. The largest and most successful manufacturers of airplanes and 
engines are vendors of military planes and engines to the United States 
Army and Na'v^; and the largest and most successful air lines have been 
those that hold Government contracts for the transportation of mail. 
Of recent years, however, with wider acceptance of air transportation by 
the traveling public, passenger revenue is gaining equal importance with 
income derived from air-mail contracts. 

There is nothing unique about this situation. All methods of trans- 
portation have required or still require Government assistance, either 
directly or indirectly. Expenditures for aeronautics so far have been 
considerably less than expenditures made to shipbuilders for warships; 
to railroads, by means of mail contracts and land grants; or to shipping 
companies, by means of mail contracts, out-and-out subsidies, and long- 
term loans at low interest rates. Aviation has received less support in 
the United States than in many foreign coxmtries. All major nations 
realize that their aviation program is closely allied with that of national 
defense and for this reason, if for no other, must have government 
support. At the same time, a great manufacturing industry and new 
transportation system are being built up, which will have a marked effect 
on our future economic prosperity. 
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The Five Periods of Aviation History in the United States 
(Heavier-Than-Air Type?) 

An outline history of the aviation industr}’' in the United States must 
recognize five definite periods. The first period was that of the pioneers, 
from 1895 to 1914. Then came that of the First World War, when 
military needs were dominant and when the industry reached an enor- 
mous volume of production. The third period came immediately after 
the war, when drastic deflation following the cancellation of war orders 
nearl}’' wrecked the industrj’'. This was followed by the period of com- 
mercial development, brought on by the public enthusiasm for the long- 
distance flights of 1927. The industry was in the later stages of this 
fourth phase, following an overestimate of the demand for airplanes 
among the general public — alleviated to some extent by the tremendous 
strides being made in air transportation, both of mail, express, and es- 
pecially passengers — ^when, in the fall of 1939, with the outbreak of the 
present conflict in Europe, the American aircraft industry’' entered upon 
its fifth period of development — a period of sti'ess-of-war expansion which 
bids fair to dwarf even the gigantic program undertaken and accom- 
plished at the time of the First World War. 

Period of the pioneers (1895 to 1914). In the United States, the 
names of the Wright brothers and Glen Curtiss stand out as the pioneer 
experimenters in the building of airplanes. With these names are linked 
those of Lincoln Beachej'^, Roy Knabenshue, and other outstanding pilots. 

At first, airplanes were built only on order, and there were few pur- 
chasers. Each plane was a separate problem in itself, and improvements 
were made as they were conceived. It was not until 1909 that the United 
States Government ordered its first plane, and this was by no means the 
precursor to a flood of orders, for the Army and Na^^’’ showed, up until 
this countrj^’s entrance into the First World War, a marked reluctance to 
adopt airplanes in their ser%dces. One or two planes were purchased by 
private individuals, but they were little used; they were purchased more 
for display than for actual service. The aeronautical activities of this 
period consisted principally of racing and exhibition flights at fairs and 
other public occasions, interspersed with parachute jumps and sporadic 
experimental ser\dces, such as an air-mail flights between points on Long 
Island and bomb-dropping and machine-gun experiments on the part of 
the Army. Passengers were carried for hire on short flights, but few 
were willing to trust themselves to the airplane. In 1911, the first flight 
was made across the United States. It took nearly 7 weeks and 
was characterized by numerous forced landings. 

Effects of the First World War on the aeronautical industry. The 
outbreak of the First World War w^as marked by a period of hesitanc}’’ 
as to what the function of the airplane was to be. The issue was not long 
in doubt, however, for the early supreraaej* of tlie Central Powers in the 
air was largely credited for the success of their campaigns during the 
first year of the war. Follovring this came a hasty attempt to increase 
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the air force of the Allied Powers, and American and European airplane 
builders were kept busy night and day filling orders. With the entrance 
of the United States into the war, American builders, with a production 
capacity# of 5,000 planes annually, were told to prepare to turn out 
25,000 a year. In spite of this staggering increase and the attendant 
difficulties, by the end of the war the productive capacity had been ob- 
tained, and 16,000 airplanes with engines, as well as 25,000 separate 
engines, had been produced. Tjien came the Armistice, the cancellation 
of Government orders, and as complete a collapse as any industry has had 
to face. 

Aeronautical industry after the First World War. For the next 
few years, the industry made little progress. Many companies liquidated 
or were forced into bankruptcy after the curtailment of Government 
orders, and the Government's policy of selling its surplus equipment at 
almost any price and its failure to provide funds for experimental con- 
struction on any adequate scale did nothing to alleviate the situation. 
Hundreds of war flyers purchased surplus equipment and flew through 
the country on barn-storming tours, giving exhibitions of flying and 
parachute jumping, and taking passengers on short flights. The system 
was a disorganized one, and there were no regulations assuring the pas- 
senger of the safety of the plane he flew in. Accidents were frequent, 
and progress in the science of aeronautics was slow. However, one 
event of importance to commercial aviation took place during this 
period. In 1918, the first regular air-mail sendee in the world was in- 
stituted by the Post Office Department between New York and Wash- 
ington. This service was the precursor of the present far-flung system 
of regular air lines. 

Period of commercial development. Progress may have been slow, 
but it was definite. The Post Office air-mail service was extended across 
the continent, and, from less than 5,000,000 letters carried in 1918, a 
peak of more than 65,000,000 letters was carried in 1924. Since the late 
1920^8, the growth of the air-mail service has been such that the Post 
Office Department abandoned the counting of pieces of air mail as a 
statistically impossible measure of the service performed and, instead, 
issued figures on miles of operation carried out. In this regard, it is 
interesting to note that, for the entire year 1918, when regularly scheduled 
air mail had its birth in this country, a total of 16,000 miles of air-mail 
operations were flown, while for 1939, this figure had jumped to 52,193,- 
772 miles. This is surely a phenomenal growth. 

In 1925, the first real impetus was given to commercial aviation when 
the first contracts were awarded for mail transportation to private com- 
panies, which then superseded the Government sendee. At tlie same 
time, engineering research was resulting in improved reliability of engines 
and serviceability of planes. The Air Commerce Act of 1926 placed 
aviation on a rational and legal basis. These developments set the stage 
for the successful long-distance flights of 1927 and the consequent public 
enthusiasm for aeronautics. 

The flights of Lindbergh, Brock and Schlee, Goebel, Chamberlin, Mait- 
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land and Hegenberger, and of Byrd, Acosta, and Balchen, in 1927, 
brought the first widespread recognition to aviation. Eager investors, 
encouraged by the bankers, bought stocks, and money poured in. 
Patrons crowded the air fields to take short flights. The deipand for 
airplanes for such services rose beyond the productive capacity of the 
industry, and continued so until the summer of 1929. Many new com- 
panies were organized to meet the apparently inexhaustible demand. 

Unfortunately, the demand was exhaustible, and it declined sharply in 
1929, throwing a number of companies into bankruptcy and demoralizing 
the market by cut-price competition. The industry was slow to recover 
from the effects of this shock, which, combined with the general decline 
in business conditions, made for drastic deflation. 

Aviation is transportation, and the first substantial commercial de- 
velopment was the carrying of passengers, mail, and express over regu- 
lar scheduled runs. The development of the market for the privately 
owned plane will follow, but more slowdy, and its size and popularity 
will depend upon the ingenuity and ability of the engineers, who must 
produce a foolproof airplane that is easy to fly and economical to pur- 
chase and operate. 

Early History of Hcavier-Than-Air Craft 

The Wright brothers' experiments. When, on December 17, 1903, 
Wilbur and Orville Wright put an airplane into free flight for the first 
time in human history,^ no public reception committees and showers of 
ticker tape greeted the accomplishment. The flight either was ignored 
or was received with ridicule and incredulity. Within 15 years, govern- 
ments were to spend millions upon millions of dollars to gain control of 
the air in the First World War. 

The work of the Wright brothers was preceded by studies of gliding 
by Lilienthal and Chanute, which resulted in many successful flights. 
Langley and Maxim contributed by their studies of powered flight; actual 
flights were attempted, but were not successful. The Wright brothers 
carried on from this point, but they found so much conflicting material in 
the records of previous researches that they decided to begin from tlie 
start. In October, 1900, active experiments were started at Kitty Haw’k, 
North Carolina, with man-carrying kites as laboratory material. From 
these, the work progressed to gliders, finally ending in success with the 
first powered flight of 12 seconds, in 1903. 

An outline as brief as this can ^ive but an inadequate idea of the 
difficulties that faced pioneers in aeronautics. It is interesting to recall, 
in this connection, that the design of the propellers for the first airplane 
occupied several months of study and argument between the Wright 

* Evidence exists that Clement Ader flew a distance of 300 meters in a machine of 
his own invention in France, in 1896, but it is somewhat less conclusive than the evi- 
dence of the Wright brothers^ flight. In any event, Ader failed to carry on from that 
point, while the Wright brothers continued to study and experiment. 



THE AERONAUTICAL INDUSTRY 


711 


brothers, after which each was converted to the other’s point of view, 
with a net gain of nothing! 

Evolution of the principles of aerodynamics, 'From the time the 
Wright brothers made the first flight, the history of the airplane is one 
of refinement of detail and increase in reliability. The aerodynamic 
principles evolved by the Wrights are essentially those of today, although 
more is known about tliem. Men who made important contributions to 
this increase in knowledge are Santos-Dumont, who, in 1906, made the 
first flight in Europe in an airplane of his own design; Bleriot, who built 
the first monoplane in 1906, and who is chiefl}’- remembered for the first 
flight across the English Channel in 1909; and Curtiss, who added im- 
portant refinements in airplane and engine design and construction, de- 
veloped the seaplane and the flying boat, and made many memorable 
flights. 

First flight of the autogiro. In January, 1923, at Madrid, Spain, 
Juan de la Cierva made the first successful flight in an autogiro, which 
marked tlie first practical departure from the design of heavicr-than-air 
craft developed by the Wright brothers. Because of its comparative 
safety, high angle of take-off, and low fom^ard speed for landing, and its 
ability to descend vertically at a speed slower than a parachute should 
the engine fail, the autogiro contains great promise for the wide develop- 
ment of private flying. Its present disadvantages are low speed, limited 
carrying capacity in relation to horsepower expended, and certain dif- 
ficulties in handling. However, experimentation has continued and 
most recent developments have resulted in the so-called ^^jump’' auto- 
giro, referring to its ability to take off almost vertically with only 
negligible ground run. 

The first helicopter. The helicopter has had a good deal of attention 
from inventors over the period covered by the development of the air- 
plane, but little progress has been made in comparison with vast strides 
made in airplane design and performance improvement. Just before 
the outbreak of the present war, there had been produced in Germany, 
by the Focke-Wulf Company, what seems to have been the first com- 
mercially practicable helicopter. It is understood that a great 'deal of 
test flying was carried out under varying conditions, and such details of 
the machine and the flight-test results as had been released prior to the 
clamping down of war censorship seemed to bear out the claims of the 
designer regarding its practicality. It was no doubt a craft of this type 
that was reported to have played so important a part in the reduction ol 
the Liege Forts when the Nazis invaded Belgium in the spring of 1940. 
Several American aircraft constructors are presently engaged in the 
development and building of a number of helicopters, and it is the 
opinion of a great many in the aeronautical industry that the helicopter 
will play an important part in the future of aeronautics, both military 
and commercial. 
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Early History of Lishter-Than-Air Craft 

The history of lighter-tban-air craft begins on June 5, 1783, when 
Stephen and Joseph ^Montgolfier's liot-air balloon made a successful flight 
in France, but without passengers. Later that year, the first passengers 
were carried. In 1852, in Pans, Henri Giffard equipped a spindle-shaped 
balloon with a 3 horbopow^er steam engine, and made a successful flight 
at a speed of 6 miles an hour. In 1898. Santos-Dumont began to de- 
velop the first practical airship, which w\as follow'cd b}'* Count Ferdinand 
von Zeppelin’s invention, a rigid dirigible with scj)aratc gas bags, com- 
pleted July 2. 1900. Fiom Zeppelin's design haA^e been developed such 
modern rigid airships as the Grof ZeppcUrij Jfflcon, Los Angeles and 
von Hmdenburg Unfortunately, the liistor}^ of lightcr-tlian-air craft, 
particularly of the Zeppelin type, has been marked by a series of dis- 
asters that have seriously hampered progress in this field. The discoveiy’^ 
in the United States of helium, a noninflaminablc buoyancy gas, for use 
m these craft — in lieu of the highly dangerous hydrogen gas — has solved 
one of the many problems involved. But there arc still a great many 
more to be tackled and solved before the Zeppelin or some similar type 
of lighter-than-air craft takes its place as the giant transoceanic air 
freight of the future which a school of thought in aviation circles holds 
will be its niche. 

Economic Significance of the Aeronautical Industry 
to Our Present Industrial Development 

Importance of the airplane to business. The airplane is the fastest 
laiowm commercially practicable means of transportation. Speed has 
attained a definite premium in present-day business, and it is here that 
the airplane performs its greatest economic function. Businessmen 
using airplanes have found that it is now' possible to visit two or three 
cities in one day, a trip Avhich, by railroad, might require as many days 
as thefe are cities to be visited. Sales executives have made tours of 
their principal outlets or branch offices in 1 week by air, where the same 
trip by automobile or railroad w'ould have lequired 3. The air-line time 
betw'een Cleveland and Detroit is 30 minutes; the time by rail is seA'eral 
hours. Similarly, a businessman may leave Chicago for Hew York by 
air in the early afternoon, after having the morning free for business, and 
arrive that night in ample time for dinner. New^ York is 16 hours from 
San Francisco by air, as against several days by rail, Pittsburgh is an 
ovemiglit trip by rail and a trip of 135 minutes by air. Similar com- 
parisons can be made betw*een important cities, not only throughout tlie 
United States but throughout the w’orld. Air transportation makes pos- 
sible personal supervision over a wider area, and it will play its part in 
a tendency tow'ard larger business units. 

The same situation holds tnie with air-mail and express services. 
Air mail has saved large sums for banks in interest charges on financial 
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transfers. Rush shipments of mercliandise and spare parts for expensive 
inachincty have saved large sums for industry. 

Effect of the airplane on international relations. In another way, 
less direct but larger in its ultimate implications, air transportation will 
have an effect on our economic structure. It is bringing hitherto distant 
and more or less inaccessible nations and regions into closer touch with 
the rest of the world. The result should be better international relations 
and a continued growth of the realization that the nations of the world 
are interdependent. New markets will be opened up, new uses for the 
products of backward countries will be found, and a general increase of 
human welfare will result — v:\i\\ this qualification: as an instrument of 
war and conquest, tlie airplane has greater potentialities than any yet 
developed. If used in the wrong way, the possibilities are appalling 

The growth of air transportation has not been confined to the con- 
tinental limits of the United States but has been constantly reaching out^ 
starting ever-expanding feeder air lines from impoitant United States 
cities to sister republics of South America, so that today, not only is the 
United States criss-crossed by a network of air lines, but every important 
city up and down the east and west coasts of South America, as well as 
a great number of those located in the interior, arc linked together by 
air-transport operations. 

American pioneering spirit responsible for the realization of inan^s cen- 
turies-old dream of flying has also taken the lead in the application of 
the airplane to transportation. Having covered the Western Hemisphere 
with a network of air lanes, tentative feelers wcie extended across the 
oceans; and after a decade of development, they have been conquered — 
both the Atlantic and the Pacific — and United States air-transportation 
systems cross the water and connect with the air lines of Europe and 
the Orient. The outbieak of the present conflict in Europe found trans- 
Atlantic and trans-Pacific air-service schedules increasing monthly; and 
while hostilities have caused some retarding of the normal growth of this 
development, stress of war conditions incident to the lack of hazards of 
surface shipping are serving in some instances to accelerate this growth. 

The airplane as an agent of diffusion of population. A third effect 
that air transportation may have on our economic structure will be in 
wdder diffusion of population. Just as the automobile increased the 
average man^s radius of action and enabled him to widen his circle of 
acquaintanceship and to live a greater distance from his work, so the 
private use of the airplane will push back his horizon still more. 

Every new invention that has improved and speeded up our transpor- 
tation and communication systems has contributed to our present high 
state of civilization. The airplane, because of its newness, speed, and 
freedom of action, may outrank the telephone, telegraph, radio, railroad, 
steamship, and automobile in shaping future progress. 

Important Companies within the Industry 

The history of the aircraft industry in the United States has been one 
of ups and downs of manufacturing activity, affected both by the ex- 
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pansion needs of wartime and the barometer of general business condi- 
tions during periods of peace. In 1931, there were approximately 175 
companies in the United States engaged in the manufacture of aircraft. 
Less than 50 were of any great importance, since the majority of the 
companies consisted of experimental builders operating on a very small 
scale; approximately 30 companies were manufacturing airplane en- 
gines, but here again the majority were small experimental builders; 24 
companies earned on the major portion of air-transport operations in the 
United States. 

During that time and the present, many of these companies fell by 
the wa^^side. victims of the general slowing up of economic conditions 
throughout the world, the sundvors being those with the greatest ex- 
perience and those who realized that the backbone of the industr^^ was 
continuous engineering and research, and who, as a result, maintained 
strong engineering staffs that, although supported by “rationed” engi- 
neering budgets, were never entirely eliminated. 

According to the statistics for 1940, among the aviation companies of 
major importance were: 

Curtiss-Wright Corporation, a holding company including the following sabsidiarj" and 
divisions : 

W^right Acronaultcal Corporation (a subsidiary): manufacturing a complete line of 
air-cooled engines (225 H.P. to ‘‘over 2,005 H.P.”) for military and commercial 
uses. 

Cttriiss-'Wyighi Airplane Dtrision: Manufacturing airplanas formihtaiy and coramercial 
uses. 

Ctirlies-Wrighl Propeller Division: Manufacturing electric “full-feathering” propellers 
for militaiw’ and commercial uses. 

CxirliBsAVrighi Export Sales Division: Handling the export business of the units of 
Curtiss-Wright Corporation. 

Curiiss-WTighi Airports Division: Owming and operating a number of major airports. 
United Aircraft Corporation, a holding company’ including the following subsidiaries 
and dhisions; 

Pratt & Whitney Aircraft Division ; engaged in the manufacture of air-cooled engines 
for military' and commercial uses. 

Hamilton Standard Propeller Division 

Vonght-SiJeorsky Aircraft Division 

Export Division 

United Airport Division 

United Aircraft Service Corp. (Subsidiary) 

Canadian Pratt efc Whitney Aircraft Co. (SubsidiarjO 
Consolidated Aircraft Corporation, engaged in the manufacture of military’ and coni' 
mercial airplanes. 

Uou^as Aircraft Company, engaged in manufacturing military and commercial airplanes 
The Glenn L. Martin Company, manufacturers of military and commercial airplnnes, 
LoclAeed A^craft Corporation, manufacturing military' and commercial airplanes. 
North American Aviation, Inc., manufacturing military and commercial airplanes. 
Boeing Aircraft Company, manufacturing military’’ and commercial airplanes. 

Other companies engaged in manufacturing aircraft and engines are: 

Aeronautical Corporation of America 
Allison Engineering Co. 

Beech Aircraft Corporation 
Bell Aircraft Corporation 
Brewster Aeronautical Corporation 
Cessna Aircraft Company 
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Continental Motors Corporation 
Fairchild Engine & Airplane Corporation 
Grumman Aircraft Engineering Corporation 
Jacobs Aircraft Engine Company 
Northrop Aircraft, Inc« 

Piper Aircraft Corporation 
Republic Aviation Corporation 
Ryan Aeronautical Corporation 
Taylorcraft Aviation Corporation 
Vultee Aircraft Inc. 

Warner Aircraft Corporation 

Major companies of the United States engaged in operating domestic and foreign air- 
transport lines in 1911, included: 

Pan American Airways, operating an international air line linking the United States 
with Latin America, Alaska, Europe, and the Orient, 

Transcontinental & Western Air, Inc., operating one of Americans three coasf-to-coast 
air lines. 

Eastern Air Lines, operating routes serving the Eastern seaboard and Midwestern 
area 

American Airlines, operating one of the nation’s tliree transcontinental lines. 

United Air Lines, operating one of the tliree major coast-to-coast routes 
Braniff Airways, operating a North-South route linking the industrial Great Lakes, tlie 
trading Kansas City areas, and the fast growing Southwest. 

Pennsylvania-Central Airlines, linking the Great Lakes area with the steel and in- 
dustrial regions. 

Northwest Airlines, operating between Chicago and the Pacific coast, serving the 
major northwest cities. 

Chicago & Southern Air Lines, linking Chicago with the major cities of IMississippi 
Valley. 

Western Air Lines, operating a north-south line in the territory west of the Rocky 
Mountains. 


Geosraphicai Location of the Aeronautical Industry 

Dayton, Ohio, and Hammondsport, New York, were important names 
in the early days of aviation. Although their importance as aeronautical 
centers has faded, ihoy represent the general alignment of maniifacturcrv> 
today, fairly equally divided between the East and the jMiddle West 
During tlie First World IVaz*, the East dominated airplane production, 
although a large proportion of the wartime airplane engines were pro- 
duced in Detroit. Since that time, activities have been more scattered, 
although in view of the apparent desirability of an even climate that 
wdll eliminate costly delays incident to delays in flight testing of prod- 
ucts, there has been a trend to locate a great number of plants on the 
.Pacific Coast, in southern California. 

Many factors influence the location of an airplane or an engine plant. 
Among the most important of these are local pride, labor supply, and 
accessibility to markets. None of these factors has been sufficiently 
important to cause a general localization of the industry, with the result 
that airplane factories arc found tliroughout the United States. Engine 
factories are a little more localized More recently another important 
factor has come to the fore regarding the location of aircraft manu- 
facturing plants, namely, strategic location from the military^ standpoint 
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with reference to establishing plants in the center of the country rather 
than on the Atlantic or Pacific coasts. This principle is being followed 
voluntarily bj' the industry and is also being specified by the militaiy 
authorities in connection with certain expanded plant facilities being 
sponsored by the Government for wartime production. 

Important factories for the manufacture of military and' naval planes 
are located in East Hartford, Connecticut; Buffalo, Hew ‘York; Bristol 
and Philadelphia, Pennsylvania; Baltimore, IMaryland; Burbank, Ingle- 
wood, and Santa IMonica, California; and Seattle, Washington. 



Courtesy, Curiiss-H'^rt^J^t Corporation 

Fig. 1. An aerial view of the Buffalo, New York, plant of the Curtiss-Wright 
Corporation. 


Commercial planes are manufactured in important numbers in Santa 
jMonica and Burbank, California j'^Seattle, Washington; Baltimore, Mary- 
land; St. Louis, hlissouri; Lock Haven, Pennsylvania; and Alliance, 
Ohio. . 

The larger engine manufacturers have factories in Paterson, New Jer-' 
sey; East Hartford, Connecticut; Cincinnati, Ohio; Indianapolis, In- 
diana; Muskegon, Michigan; Pottstovm and Williamsport, Pennsylvania; 
and Farmingdale, Long Island. 

^ Methods of Manufacturins 

There is little sxnilarity between the manufacture of airplanes and 
that of airplane engines'. Essentially, engine production is a machine 
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process. Althougl^ highl}" skilled workmen must be employed, these 
workmen perform tlieir duties largely through the use of machines. The 
airplane, on the other hand, is principally a product of hand labor. 
The chart in Figure 2 onUines the organization of the Wright Aero- 
nautical Corf)oration, a prominent manufacturer of engines. In most 
respects it is similar to lho.«c of other types of manufacturing com- 
panies. The prominence given to the inspection and quality departments 
and their relative independence emphasize their importance in aeronau- 
tical manufacture. 



Fjp. 2. Organization cl)art of tlic AVriglit Aeronautical Corporation 


The engine. Cashng and maohinmg. The first stage in making a 
Wright Cyclone radial, air-cooled engine takes place in the foundry, 
where special furnaces melt aluminum alloys preparatory to easting them 
in molds. The rough castings then arc machined. At the same time, 
drop forgings purchased from outside sources arc being machined, after 
having been given rigid tests to determine liardness and other structural 
qualities. The exposed parts of the engine arc given rustproofing treat- 
ments, and the castings are heated and immersed in oil to harden the 
surfaces. 

Next, the aluminum cylinder head is joined to the steel cylinder 
sleeve. The licad is heated and screwed to the sleeve, which is cold; and 
when the head contracts in cooling, the two are locked together. The 
unit then is sent to the painting room, where the finish is sprayed on and 
baked. 

Meanwhile, the other parts, of the engine are being buffed by machine 
and polished to a mirrorlike surface. All parts are again inspected, 
and even a surface scratch will cause immediate rejection. Spot-welding 
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of manifolds and of other parts requiring similar treatment is done in 
another department by electric machines. 

Assembly operations. The parts then are moved to the assembly 
floor. Here they are placed until needed on stockroom shelves, on the 
right of the assembly loom. From these shelves, various parts assembly 
lines run out at right angles. At the end of the parts assembly lines is 
the primary assembly line. 



Cotrtesy^ Curttss ll rtaht Corporation 


Fig 3 Wright Cyclone engines of 1,600-1,700 HJ* are shown being assembled in 
the final assembly department of a plant of the Wnght Aeronautical Corporation in 
Paterson, New Jersey 

The assembly starts at the stockroom shelves Each parts-assembly 
bench draws from the stockroom the finished parts that it must assemble 
The crankcase is tapped, and smaller parts are attached to it On other 
lines the crankshaft moves dowm, the cylinders are fitted, and the master 
rod and articulating rods are connected to the pistons. 

Engine testing. At the beginning of the primaiy assembly line, the 
crankcase is placed on a four-wheeled table and, as the table moves 
down the line, the engine is assembled as it picks up the parts from their 
assembly lines. After completion of the assembly, the engine is placed 
in the test house, where a four-bladed wooden ptopeller is attached, and 
it is run at high speed for 5 houis. In a small room at one side, an 
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observer keeps constant v’atcli over the instruments recording the per- 
formance of the engine. 

Wlien tliis test is successfully finished, the engine is completely dis- 
assembled, and cacli part is thoroughly cleaned and rigidly inspected. 
Once more, the engine is assembled, this time on the secondary assembly 
line, and is given a further 2 hours of testing. It is then ready for de- 
livery. 

The plane. The manufacturing methods employed in the construction 
of an all-metal Curtiss-Wrigiit military pursuit airplane may be taken 
as typical, since, although this is a fairly small single-place ship, the 
same principles and practices are followed for even the largest military 
bombers or commercial transports. 

The first point to note is that there has been a radical change in air- 
plane construction since the Wright brothers first taught the world to fly. 

Up until and through the Fir.«?t World War, so-called '^stick-wire-and- 
cloth construction” maintained. The frame or fuselage skeleton and the 
skeleton framework of the wings were conslrucfcd of wood, with a lim- 
ited number of steel fittings in certain highly stressed parts. These 
frames were then covered with cloth, cut and sowed to proper size, and 
then treated witJi se^wal coats of dope, wJiich, as it dried, caused a 
shrinking of the cloth, making it taut, tight, and snug. 

As will be realized, this construction resulted in a rather fragile prod- 
uct, which had to be operated and maintained with the greatest care. 
After much development work, metal slowly began to take the place of 
wood in aircraft construction; and in the late 1920’s, current practice 
was to manufacture the fuselage skeleton of steel tubing for later cover- 
ing witli cloth, while the wings were still of the stick-wire-and-cloth 
construction. 

As the years progressed, experimentation went forward, and with the 
parallel development of aluminum and similar lightweight metals, the 
early efforts of Ford in this country and Junkers in German}" looking 
to the development of an all-metal plane attained commercial practica- 
bility; and first steps were made in the evolution of a construction known 
as the “stressed-skin monocoque type,” which is practically standard 
throughout the industry today except in the very lightweight, low-priced, 
private-owner type of craft. 

Along with the evolution in manufacture, there has also been a trend 
in design away from the two-wiiig, biplane type of craft to the one-wing, 
monoplane type. In some instances, this single wing is mounted above 
the fuselage, when it is called a high-wing monoplane, while in others — 
and by far the vast majority — it is mounted flush with the bottom of 
the fuselage to produce the low-wing type of monoplane. 

After the contour, or airfoil section, of the wing has been decided upon, 
ribs stamped out of sheet aluminum or one of its alloys on a hydraulic 
press are assembled on metal spars of similar material, which run the 
length of the wing and form its backbone. After tliis skeleton assembly 
has been completed, it is then covered with thin sheets of aluminum 
riveted into place. Constant care and inspection that will pass only 
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the highest type of workmanship are maintained throughout fabrication* 
Fuselage construct ioiu The fuselage is also constructed of all metal, 
and is in the form of an approximately oval shell, A series of oval 
bulklicads, varying in size from the front to the rear of the airjdane, are 
stamped out of aluminum-alloy sheet and set up in a metal jig The 
outer covering or skin of sheet-aluminum allo 3 ’' is applied and riveted 
in place, thereby’' producing a hollow monocoque shell in which the sheet 
metal covering not only forms the cover for the fuselage structure but 
also assists in keeping the fuselage structure intact and carzying some 
of the load; hence the name '^stressed-skin construction,” 

When the fuselage shell is removed from the jig, the power plant or 
engine is installed; the wing, tail, and landing gear following in close 
order as the air frame (as it is called at this stage) proceeds down the 
final assembly line, 

Plaiie completed and tested. The next step consists of the installation 
of instruments, connecting control wires ndth the controls, tlio installa- 
tion of seals and upholstering, and a tliousand other details. Finall}", 
the engine is installed, the nccessarj’- connections are made, rnd tlie plane 
is ready for its test flight. An experienced pilot makes (lie first fliglit, 
and the plane is put through all types of maneuvers in order to test its 
strength and control system, and to break it in. After successfully 
passing this test, the plane is given a thorough ins))ection, and it is then 
ready for dclivciy. 

Possibilities of mass production. In the airplane industry as we 
laiow it today, the possibilities of mass production arc onlj" just begin- 
ning to be scratched. As the manufacture of airplane engines is done 
largely by machines, one machine performing a large number of opera- 
tions simuHaneousty might replace a number of single-operation ma- 
chines were the demand large enough to warrant the investment. 

Heretofore, the principal reasons wh}" such applications would have 
been unwise liavc been the rclativelj^ limited demand and the small num- 
ber of units previously produced to which the overhead of machine 
equipment could be allocated. Other difficulties have been the extreme 
care necessary in fabricating the engine and the necessity of frequent 
and rigid inspection, althougli it is possible that these factors alone would 
not prevent further use of automatic machiner 3 \ 

This entire situation is being put to the test at the present writing 
incident to the vast expansion being carried out in the aircraft and air- 
craft engine industry", having as its goal the production of tlic maximum 
number of units for deliveiy to our air forces and, as well, assisting 
Great Britain in her present struggle against tremendous odds and under 
the most trying difficulties from an orderly production standpoint. 

Comparison of automobile and aeronautical engines. Perhaps the 
most graphic method of realizing the degree of difference in metliod that 
must exist between the manufacturer of an airplane engine and that of 
an automobile engine is to recall that the typical automobile engine, in 
the medium price range, is built to deliver 90 H, P. at 3,100 RPM; that 
its weight is approximately 7 pounds per horsepower delivered; that it 



722 


THE AERONAUTICAL INDUSTRY 


runs, on the average, at only 40 per cent of full throttle; and that its 
useful life is rarely over 75,000 miles. On the other hand, the Wright 
Cyclone nine-cylinder radial engine delivers 1,200 H.P. at 2,500 KPM, 
weighs only 1.09 pounds per horsepower, averages 85 per cent of full 
throttle operation in normal sendee, and has a useful life of more than 
10,000 hours — or between 1,500,000 and 2,000,000 miles. Such wide 
differences in performance requirements inevitably have an important 
influence on manufacturing methods. 

Types of Aircraft 

There are two types of aircraft: those lighter than air, whose ability 
to rise is due to the fact that their total weight is less than that of an 
equal volume of the surrounding air; and those heavier than air, whose 
ability to rise is derived from the forces set up by air currents generated 
by motion relative to the surrounding air. In ordinary terrain ologjs 
these two classes are Icnown as “balloons^’ or ''airships,^' and ‘'airplanes/' 
‘‘autogiros/' or ‘‘helicopters.” 

Balloons. Nonrigid, Three types of balloons are of importance. 
The first, the nonrigid, owes its shape entirely to the pressure of the gases 
within its envelope. It is exemplified by the balloons used in the Gor- 
don Bennett Cup Races; by military observation balloons; and by the 
so-called “blimp,” the only one of this type that is powered and there- 
fore independent of air currents. Balloons can be either free or captive, 
depending on whether or not they are fixed to a ground station by cables. 
In actual practice, the only important type of captive balloon is that 
used for obser\'ation; other types are almost invariably free. 

SernirigicL The semirigid balloon, of which the Norge of Arctic fame 
is an example, is of the second type. A substantial keel of metal or 
other rigid substance supports the bottom of the cigar-shaped envelope, 
lidding its longitudinal shape. Vertical shape is derived from the 
pressure of the interior gases alone. 

Rigid — the dirigible. From a commercial point of view, the third, 
type, the dirigible, is the most important. It is directly derived from 
the designs of Zeppelin, and is exemplified by such ships as the Graf 
Zeppelviy Los AngeleSj Afcron, and von Hindertbnrg. Its cigar-shaped 
outer envelope is supported entirely by an inner structure of metal. 
Unlike the gases in other types of balloons, the lifting gases are divided 
among a number of inner envelopes to give greater protection in time 
of war and greater safety in time of peace. The dirigible can be built 
to a much greater size than other balloons, and its commercial possi- 
bilities are infinitely greater because of the greater pay load possible. 
Within this classification falls the metal-clad airship, which is necessarily' 
rigid but carries gas directly^ in the envelope instead of in smaller bags 
within the hull. 

Heavier-than-air craft. Heavier-than-air craft may be divided into 
airplanes, autogiros, and helicopters. The first is the conventional type, 
and is represented by triplanes, biplanes, sesquiplanes, and monoplanes, 
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with the monoplane clearly predominant. The triplane is unimportant. 
Biplanes and monoplanes are the most popular classes, and their ter- 
minology is self-explanatory. The sesquiplane, which has attained some 
degree of importance^ consists essentially of a large upper wing and a 
lower one of less than half the size. 

The autogxro. In the autogiro, the engine and the propeller provide 
forward motion; and revolving vanes, shaped like the conventional air- 
foil, unconnected with the engine, and deriving their motion from the 
air currents set up by the forward motion of the vehicle, provide the 



l?ig 5 Exemplifying military aviation is this Curtiss P'-40 pursuit plane of the 
U S Army Air Coips Planes of this type are now being delivered to the Air Corps 
in large numbers 


necessary lift. An autogiro was first fiown in 1923, but not until 1931 
was this type of aii craft marketed commercial!}’' Experimentation and 
development have been continued in this field, but the progress achieved 
has not been of the order of that attained in other classes of aircraft, 
principall}^ because it has not been possible to obtain the speed range 
inherent in other types of aircraft — and speed, it must be remembered, 
is the raison d'etre of the airplane. The latest type of autogiro, the 
so-called '^jump^* model, has an arrangement whereby the rotor vanes 
may be meshed into and driven by the power plant during take-off, so 
that ascent is practically vertical, with almost no ground run whatso- 
ever. Only a few of this type have been produced to date, and further 
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time and testing vrill have to elapse before a verdict can be rendered. 

The helicopter. The helicopter has 'been a favorite subject of inventors 
for many years, but progress has been slow. One of the difficulties in 
this design is that the true helicopter must fill six requirements: It must 
lift itself vertically off the ground, hover indefinitely over a given spot, 
descend vertically under its own power, achieve safe descent in event of 
engine failure, move horizontally at a satisfactory speed, and be con- 
trollable and stable under ail flight conditions. The first commercially 



Courtesy, CurtisS’iVriffht Corporation 


Fig. 6. A modem transport plane: 36-passenger Curtiss-Wriglit powered by two 
1,700 HP. 'V\ right Cyclone engines and designed to fly at altitudes of 20,000 to 30,000 
feet. 

practicable models are just being produced, and since tlie helicopter has 
tlie same limitations as regards speed that are present in the autogiro, 
it has only a limited militaiy’' value, and therefore this field of endeavor 
in aircraft development is likely to remain dormant until after the end 
of the Second World War. It is interesting to note that it is the con- 
sidered opinion of a great many in aviation that some form of aufogiio 
nr helicopter is the eventual answer to the so-called ^'private-ownei 
market,” or airplane for the man in the street. 
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Types of heavier-thun-air craft Heavier-than-air craft be 

divided further into cabin and open types (vnth true open types fast dis- 
appearing, since even those airplanes that ^vould normally be of the open 
type are all being equipped with portable cabins or pilot enclosures of 
transparent plastic materials), and into landplanes, seaplanes, flying 
boats, and amphibians. The landplane, operating from an ordinary 
land airport, is the conventional The seaplane is essentially a 

landplane, with pontoons substituted for landing wheels. The flying 
boat is designed solely for operation from the water, and usually the 
fuselage itself is the flotation unit, built in the general shape of a fast 
boat, and supporting the wings and tail directly. , The amphibian oper- 
ates both from land and water. Its hull is boat-shaped; but a landing 
gear is also attached, which, hy a retractible device, may 6e drawn uji 
out of the way when water operations are carried on. 

Relative merits of classes of aircrafts. The relative merits of 
heavier-than-air and lighter-than-air craft have been widely discussed, 
and there are avid proponents on each side. From past experience, 
however, the heavier-than-air craft appears to be by far the faster and 
the more practical for short and medium distances. It is handicapped 
by its dependence on engine power for flight, and engine failure is some- 
times a serious matter. The lighter-than-air craft (such as the dirigible) 
has an infinitely greater practical cruising range than the airplane, pro- 
vides more comfort for passengers, and has an added safety factor in its 
independence of engines for staying in the air. On the other hand, it is 
slow, requires a large ground organization for landing — except where 
special equipment is provided — and costs considerably more to build 
than an airplane designed to carry an equal pay load. 


Statistics of Aeronautical Production 

Production of lighter-than-air craft, for the past decade, has been con- 
fined to a few units annually for military use. The last large dirigible 
construction undertaken in the United States was the Akron, completed 
and delivered to the United States in 1931. 

Detailed information and data pertaining to current actual and po- 
tential aircraft production in the United States have been placed on the 
restricted list by the military authorities, so that the usual table pro- 
vided at this juncture must be omitted from tlie present edition of this 
work. In lieu of detailed figures, the following charts showing actual 
and estimated over-all productive capacity of the United States aircraft 
industiy will be found enlightening as to the phenomenal growth of the 
industry. Particular attention is called to the fact that these charts 
pertain solely to military aircraft production and do not include com- 
mercial aircraft of private owner or air-transport classes, tiie develop- 
ment and production of which arc in a great measure being subordinated 
to the producing of militaiy craft just now. 
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Fig, 7. Yearly production of military airplanes in the United States and estimated 
future production. 
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Marketing Airplanes and Engines 

Engines are sold only to manufacturers for original equipment to be 
installed in planes or to owners of planes — governmental, commercial, 
or private — for replacement purposes. High-grade men, combining the 
functions of engineer and salesman, usually are employed by each engine 
manufacturer to make sales to airplane manufacturers. Because of 
design difficulties, plane oumers rarely specify for replacement an engine 
other ilran the one originally installed. Consequently, such sales are 
more or less automatic, and little effort is expended in making them. 
Replacement engine sales are made either direct from the factory or 
through the manufacturer’s seiu'ice stations, which may be independent, 
fixed-base operators or company-owned branches. 

Engine trade-in and service problems. The trade-in problem on 
used engines does not exist, since an engine that requires replacement 
is useless as a resale item, and engine manufacturers refuse to make any 
allowance. Service policies vary; some manufacturers have the liberal 
belief that so much yet remains to be learned of aircraft engines that a 
rigid policy is unwise, while others adhere strictly to the letter of the 
guarantee and refuse to allow free service unless it is proved beyond 
doubt that the manufacturer is at fault. 

The domestic market The three principal purchasers of airplanes 
in the domestic market are the Federal Government, transport lines 
running on regular schedules, and so-called ^'commercial” purchasers. 
The latter class consists of pri^'ate individuals buying planes for pleasure 
flying; business firms not directly connected with the aviation industry 
that operate planes for the transportation of salesmen, executives, and 
merchandise, and for sales promotion; and fixed-base operators wlio 
run flying schools and sell aerial taxi, photography, and crop-dusting 
services. State and municipal governments also have purchased planes 
from time to time for such purposes as police and forest-fire patrols, 
but these purchases have not been important in the aggregate. 

Sales to the Federal Government. Purchases by the Federal Gov- 
ernment consist almost entirely’- of planes for the United States Army, 
Navy, and Marine Corps; for defense, attack, observation, and bomb- 
ing; and for the transportation of officers and enlisted personnel. In 
nearlj’’ all cases, competitive bidding is employed, and awards are made 
to the company submitting the lowest bid, provided the type of planes 
of that company has been satisfactory^ in the past or the company’s 
experiinental plane of the model to be ordered has met the rigid tests 
imposed. In view of the existence of a national emergency and since 
time is of the essence, negotiated and fixed-fee cost contracts are being 
resorted to to expedite getting production under way and units deliv- 
ered. Airplane manufacturers usually bid only on the planes them- 
selves; engine manufacturers bid separately on tl^e engines to be installed, 
and the engine manufabturer ships to the airplane manufacturer the 
engines with which the planes are to be equipped. 
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Sales to transport lines. Transport lines also purchase direct from 
manufacturers. After deciding upon the most suitable model, some- 
times the direct result of a design competition among the interested 
manufacturers, an order is placed with the airplane manufacturer, who 
includes the price of the engine in the prices ciuotcd. Some years ago, 
when air transport first began, selling this market was a simple affair, 
since most of the air-transport mileage in the United States was at that 
time operated by companies directly or indirectly connected with air- 
plane and engine manufacturers. Legislation was subsequently enacted 
which completely divorced the manufacturing end of the industry from 
the air-transport operating phase. 

Sales to the so-called commercial market. The so-called commer- 
cial market has n ithin recent years received most of the attention of the 
aircraft mdustiy, but has contributed the least in profits, if not in unit 
sales In the following table it h.as been impossible to segregate clearly 
commercial planes produced primarily for air-line use from those used 
for other purposes, but it is clear that the former far outweigh the latter. 
The table gives a general picture of the i elation between military and 
nonmilitary plane production within the last few years: 

Taule I 


COMMEllCIAL AND MILITARY AIRPLANE PRODUCTION 
FROM 1927 TO 1938 = 


Year 

Coinmcrctal Airplane 
Production 

Military Airplane 
Production 

1927 

1,505 

621 

1928. 

3,542 

1,219 

1929 

5,357 

677 

1930 

1,937 

747 

1931 . 

1,582 

612 

1932 

549 

593 

1933 

591 

4G6 

1934 

2,048 

688 

1935 

1,974 

991 

1936 

1,559 

1,141 

1937 

2,281 

949 

1938 

1,628 

1,200 


In general, sales to the commercial market have been made through 
distributors and dealers, or through dealers appointed direct from the 
factory. In most cases, distributors and dealers are independent and 
individually ovmed companies, but one large manufacturer owns a 
number of bases scattered throughout the United States which sell planes, 
sendee planes, and engines, and carrj’’ on fixed-base operations, dis- 
counts to dealers purchasing through distributors vary between 5 per 
cent and 20 per cent of the list price, and the discounts granted to dis- 


® Source; United States Aeronautical Chamber of Commerce. 
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tributors and direct factory dealers range between 10 per cent and 30 
per cent. Manufacturers usuallj" maintain traveling salesmen, who 
appoint now dealers, supervise the activities of existing ones, and help 
them to sell to their prospects. So far, distributing systems for aircraft 
have been embryonic, and control over outlets and prices usually has 
not been strict. The majority of manufacturers have sought to obtain 
as large a representation as possible, and airplane dealers may sell as 
many as six makes of planes, although, as a rule, the planes are non- 
competing models. 

The airplane dealer. Tlie tj^pical airplane dealer or distributor is a 
fixed-base operator, maintaining a hangar and an office at a flying field; 
equipped to give at least light service to planes and engines; having a 
personnel of two or three pilots, one or two mcclmnics, and a stenogra- 
pher; and carrying on flight training, taxi, and other aerial activities. 
In almost all instances, the airplane dealer obtains but a small propor- 
tion of his total income from the sale of airplanes; the major and profit- 
able portion comes from operating a flying field and its related activities, 
which include the sale of gasoline, oil, accessories, and service. Low 
discounts and a highly restricted market in the sale of planes at retail 
account for this situation* 

Fixed-base operators. lu 1930, there were approximately 600 fixed- 
base operators in the United States, practically all of whom also sold 
airplanes. These opei^ators maintained 5,324 planes in service; 763 
licensed and identified planes were held in the names of transport lines, 
and 1,140 in the names of manufacturers. Only the remaining 2,865 of 
the total 10,098 can be presumed to be privately owned airplanes. 

It is clear from those figures that the private user of an an plane is 
of relatively minor importance in the sale of airplanes and that the 
largest market for commercial planes has been among fixed-base oper- 
ators, wlio also liavc been the jnanufactnrcr’s distributoi's. In eilect, 
then, discounts granted to distributors and dealers enable them to pur- 
ebase their opciating equipment at a lower price than they could other- 
wise obtain, and the use of their discounts as compensation for the 
expense of selling to the private owner has not been important. In 
other words, the market is an indiistiial one, and the major portion of 
the commercial planes sold are sold to those who operate them for profit. 
In spite of this condition, the marketing organization of the average 
commercial airplane manufacturer is designed primarily to sell to the 
jirivate owner.^ 

Capacity demand; then decline. Following the spectacular long- 
distance flights of 1927, a tremendous increase in the demand for com- 
mercial airplanes arose. In few instances, however, was this demand 
from private owners; most purchasers were fixed-base operators who 
had been fljdng obsolete equipment or who had decided to start in busi* 

®It is interesting to recall that, in the earlj" days of the automobile mdustiy’, a 
manufacturer would grant the factor^' discount to almost anyone in a city wheie he 
was without repiesentation, m older to obtain an outlet. Manj" pui chasers repre- 
sented tliemselves as dealers merely to buy a car for less than its list price. 
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ness to meet the increased demand for short flights from established 
airports. Consequentljs there was an actual shortage of commercial 
airplanes during 1927 and 1928, and manufacturers were working at 
capacity. Capacity production continued through the summer of 1929, 
but production had caught up with demand in the spring of that year. 
As a result, the industry completed the year with a large surplus of 
airplanes held in inventory, and the downward turn in business condi- 
tions, ndth its resulting reduction in demand, forced into bankruptcy 
many of the small manufacturers who had started in business in antici- 
pation of a constantly increasing demand over a period of years. Price 
cutting was undertaken to dispose of the bankrupt stocks and of the 
surplus stocks of solvent companies. 

Price reductions. At the same time, several prominent manufacturers > 
became convinced that the unwillingness of the general public to pur- 
chase airplanes for private use was the result of high retail prices. They 
believed that, by making drastic price reductions on airplanes, a large 
increase in demand could be fostered, and that the increased demand 
would make possible production economies which eventually would 
enable them to manufacture at a profit under the new scale of prices. 

In 1930, the pressure of these two circumstances forced prices from 
3 5 per cent to 43.2 per cent below those of 1929 for the same models of 
planes. The price war was participated in by 19 manufacturers, includ- 
ing nearly all the companies of first importance. The result, however, 
was not that expected Few sales were made to those who would not 
otherwise have purchased planes, and the general result was the sale of 
planes at a lower price to those who would have purchased them at the 
original quotation. At the same time, the production and sales of com- 
mercial airplanes fell off sharply. 

Light 'planes introduced to stimulate sales. An experiment analogous 
to that of lower prices was undertaken by a number of manufacturers 
early in 1931, when so-called "light planes” — or ahplanes with a seating 
capacity of one or two and engines of 30 to 50 horsepower, with a cor- 
responding reduction in performance — were placed on the market. The 
result was the same as that of the widespread reduction in prices: few 
new purchasers were reached, and probably less money was brought into 
the industry than would have been the case with fewer unit sales but 
higher unit prices. Commercial airplane production declined from 5,357 
in 1929 to 1,582 in 1931; sales declined from approximately 4,200 units 
in 1929 to approximately 1,600 in 1931, 

A period of readjustment. As may be seen from the above figures, 
the commercial aircraft industry went through a period of readjust- 
ment. In 1929, it was widely believed that its development would be 
similar to that of the automobile; that belief changed to a better-founded 
one that the developments of the immediate future, at least, will be 
built around regular transport-line services. In short, flying an airplane 
still is, on the whole, a professional undertaking. The purchase of air- 
planes in large numbers by the general public will come only gradually* 
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The used plane trade-in problem. The trade-in problem is as acute 
in the ayiation indiistiy as it is in the automobile industry. Airplanes 
have been found to be far more durable than was at first expected; and 
this, together with the industry's inability to expand the market satis- 
factorily, has resulted in a request for a trade-in allowance by the great 
majority of purchasers. No concerted action has been taken to solve 
the problem, but a number of manufacturers recommend allowing only 
the price for which the plane can be sold, and accepting no trade-in 
until the salesman or dealer has found a purchaser for the used plane 

Transporting the purchased plane. New planes usually are flown 
from the factory to the airport nearest the purchaser, and prices are 
quoted at list plus the cost of such ferrying, or fly-away-field. 

Export trade. Airplanes and engines for export usually are sold 
through foreign representatives of the manufacturers. These represen- 
tatives may or may not be interested in other branches of the aviation 
industry; in many cases, they are important merchants who have con- 
nections with the government and civilians of their country. Occa- 
sionally, a manufacturer in the United States has organized a sales tour, 
during which several planes fly through a number of countries giving 
demonstrations to interested parties and taking orders. A third method 
— ^not, strictly speaking, exportation — is to grant to foreign manufac- 
turers licenses to manufacture and sell airplanes and engines, with the 
foreign manufacturers taking the entire responsibility for sales. Sev- 
eral large airplane and engine manufacturing companies maintain sub- 
sidiaries to handle the details of export sales and to supervise the activi- 
ties of foreign representatives; in a few instances, these companies have 
established factories outside the United States. 

Methods of Financing 

Such pioneer builders of aircraft and engines as Curtiss and Wright 
depended for their capital on private sources. They started with a small 
personal investment and financed further manufacture from the proceeds 
of sales. This form of financing continued through the First World 
War; although a tremendous expansion in production took place to fill 
war orders, most of the capital was furnished privately, and few public 
issues of stock were made. In the years immediately following the 
war, the aviation industry collapsed, orders were negligible, and only 
scattered private individuals had the faith to provide capital to .meet 
the crisis and keep the few remaining companies operating 

After the long-distance flights of 1927, the situation changed radically. 
Public enthusiasm for aviation was transformed into a public desire to 
purchase aviation stocks of any sort whatsoever. This was accom- 
plished, by means of the propaganda of investment bankers and other 
stock promoters, legitimate and illegitimate, and by judicious refer- 
ences to the large fortunes of Ford and other pioneers in the automotive 
industry. Such phrases as “the greatest industry the world has ever 
know” and “Keep some . . . stock in your safe-deposit box, and 
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when you get old it will keep you” added to the excitable public psy- 
chology^ accompanying a boom in the stock market and resulted in the 
distribution far and wide of aviation stocks, few of which held any 
prospect of appreciating in value or paying dividends then or in the 
future. The market value of aviation stocks on October 1, 1929, was 
more than $1,000,000,009. 

Along with this influx of capital, nearly all of the airplane manu- 
facturing companies required their retail outlets to sign contracts guar- 
anteeing acceptance of a specified number of airplanes annually. As 
evidence of good faith, such dealers w^ere asked to place deposits of from 
5 to 15 per cent of the retail value of their commitments with the manu- 
facturer. Fortunately, this was not the most important method of 
financing manufacturers, as it was in the automobile industry, i^early 
invariably^, dealers overcommitted themselves, either because of undue 
optimism or because of a desire to impress the manufacturer. When it 
was at last discovered that the private market for airplanes was dis- 
tinctty limited and the dealers’ deposits were nominally forfeited be- 
cause of inability to sell their quotas, manufacturers were faced with a 
choice between retaining the deposits and forcing dealers into bank- 
ruptcy^ or returning them. As a I’ule, the latter procedure was followed, 
since the average manufacturer had obtained a plethora of capital from 
other sources, and he was wise enough to see the necessity of protecting 
his contacts with whatever market existed. 

Whether this deluge of capital was fortunate or not is an open ques- 
tion. Certainly it gave an opportunity for expansion on a scale not 
otherwise possible. But just as certainly"^, it went to the heads of many 
companies, and resulted in unwise and wasteful policies; and public 
faith received a jolt in proportion to the tremendous losses sustained 
through security" depreciation. Paradoxically, the aviation industiy 
once more has its feet on the ground. Retrenchments are replacing 
extravagance, and the day^s of glory have been superseded by the days 
of well-considered business policies. 

Important Legislation Affecting the Industry 

The Kelly Bill. On February 2, 1925, President Coolidge signed the 
Kelly Bill, authorizing the Postmaster General to contract with private 
organizations to carry United States mail by air. Thus the way was 
opened for the present highly developed system of commercial air trans- 
portation in this country. Before the passing of this bill, air-mail opera- 
tions had been carried on by the Post OSice Department itself; within 
a short time, private operators exclusively were carrying the air mail* 

The Air Commerce Act. The next important legislative step was 
taken when the Air Commerce Act of 1926 became law. Prior to this 
time, there had been no body of Federal law designed to regulate air 
commerce; and while the absence of regulation may" have had desirable 
effects in giving a free hand to pioneer operators and builders, there was 
no assurance of continued Government support, and no assurance to 
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the general public that planes were safe and subject to strict perform- 
ance requirements. 

The National Advisory Committee for Aeronautics summarized the 
Air Commerce Act as follows: 

This Act provides the legislative cornerstone for the development 
of commercial aviation m America. It establishes certain fundamental 
principles to govern the relation of the Federal Government to the 
whole problem of aiding the development of commercial aviation m 
America on a sound basis. The Act asserts the doctrine of Federal 
sovereignty in the air over the lands and waters of the United States 
to the exclusion of foreign nations. It asserts under the commerce 
clause of the Constitution the right of the Federal Government to 
regulate interstate air commerce. It authorizes the designation of air- 
ways by the Federal Government and compels adherence to ^ single 
set of Federal hying rules on the part of all who use such airways, re- 
gardless of whether they are engaged in interstate or intrastate air com- 
merce or private flying. It authorizes Federal lighting systems along 
ainvays and the Federal establishment and maintenance of emergency 
landing fields. It authorizes the transfer of the postal airways, includ- 
ing emergency landing fields, to the jurisdiction of the Department of 
Comiherce and the transfer of the postal airports or terminal facilities 
to the jurisdiction of the municipalities concerned imder arrangements 
subject to approval b}*- the President. It contemplates the establish- 
ment and maintenance of airports by the municipalities or by private 
industries. It provides for the compulsory registration of aircraft en- 
gaged in interstate commerce and for the optional registration of other 
aircraft. It provides for the periodic examination and rating of air- 
men serving in connection with registered aircraft. It provides for the 
emergencj^ use of existing governmental facilities, extends the applica- 
tion of existing laws to foreign air traffic, and, in short, imposes upon 
the administrative officer concerned — the Secretary of Commerce — 
the duty of fostering the development of air commerce in the United 
States. 

The bill also provided for the appointment of an Assistant Secretary 
of Commerce for Aeronautics, to have charge of the Aeronautics Branch 
of the Department of Commerce 

In the same year, Army and Naxy 5-year aviation programs were 
adopted providing definite programs for the expansion of the military' 
branches of aviation. 

The McNary-Watres Act. This act, approved on April 29, 1930, 
was the next important legislative enactment. Before the passage of 
the act, air-mail contracts had been granted on competitive bids per 
pound of mail carried, regardless of distance Under this system, man}" 
short lines had secured contracts at the maximum rate of $3.00 per 
pound, while lines hundreds of miles longer might cany the mail at a 
rate less than half as high. The McNar^^-Watrcs Act provided for a 
more equitable basis, in that payments were made on a space-weight 
per mile rate Payments also were so scaled as to encourage the car- 
riage of passengers in large planes along with the mail, and recognition 
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was given to those companies that had been foremost in pioneering pas- 
senger operations. 

Creation of Civil Aeronautics Authority. In August, 1938, regula- 
tion of civil aviation in the United States was removed from the juris ' 
diction of the Department of Commerce and vested in the Civil Aero- 
nautics Authority, a five-man board created by the Civil Aeronautics 
Act and appointed by the President, with the advice and consent of 
the Senate. 

Earnestly sought by the aviation industry, which went to Congress 
and asked for a tribunal before which it could settle its problems and 
for an agency through which its relations with the Government might 
flow in a single stream, and strongly recommended by the President, 
the Civil Aeronautics Act was the culmination of long-continued efforts 
by members of Congress, the Administration, the industiy itself, and 
private citizens interested in the future of aviation. Its passage was 
hailed as giving a new organic charter to Civil Aeronautics in the United 
States, framed in the light of existing conditions as w^ell as with an eye 
to the future. 

In 1940, as a result of actual experience under the operation of the 
Civil Aeronautics Act, there was a further reorganization, transferring 
the functions of the administrator back to the Department of Commerce, 
changing the name of the body to '‘Civil Aeronautics Board, and also 
effecting certain internal changes within the organization and relegating 
its authority and functions to various divisions of the new Civil Aero- 
nautics Board. Final setup has not yet been arrived at, and there is 
considerable agitation at the present writing among members of the 
legislature in Washington, and also within a portion of the industry 
itself, calling for a further reorganization and restoration of the status 
of the group regulating civil aviation in the United States as an inde- 
pendent body. 


Development of Transport Aviation 

Statistics tell the story of the growth of regularly scheduled air-line 
services more dramatically than words could do. It is one of prac- 
tically uninterrupted progress since May, 1918, vrhen operations on a 
regularly scheduled basis were first undertaken. For tlie year 1920, 
records of the Post Office Department indicate that 864,128 miles of 
operations were flown, carrying 441,742 pounds of mail and 41,390 
pounds of express. Passengers were not carried on a scheduled opera- 
tions basis until 1926, when the total for the year was just under 6,000 
persons. Table II summarizes the growth of air-line operations and 
traffic during the past decade. 

Going from an original appropriation for Government operation of 
air mail, in 1918, of $100,000.00, there was paid to air-mail contractors 
for Uic fiscal year 1938 the sum of $14,182,243. 

One of the reasons for the astounding growth of the air-transport 
system of the United States has been the remarkable safety record that 
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Table II 

DOMESTIC AIR LINES IN THE UNITED STATES FROM 1931 TO 1939 


Year 

MilcB 

Floivn 

of 

Passengers 

Passenger 

Miles 

Mail 

Express 

1931 . 

43,895,478 

457,763 

116,232,153 

9,351,195 

885,164 

1932 . 

48,334,358 

504,575 

143,168,082 

7,058,332 

1,324,428 

1933 . 

60,800,705 

546,235 

183,095,784 

7,664,640 

1,884,545 

1934 . 

42,022,019 

537,037 

217,096,507 

7,155,281 

2,946,460 

3935. . . . 

59,534,013 

908,185 

360,267,931 

13,538,952 

6,162,056 

1930 

03,777,226 

1,020,931 

435,740,263 

11,482,872,623^ 

6,985,777 

3937 

66,190,639 

1,102,707 

476,603,165 

13,396,400,117 

7,127,369 

1938 

69,668,827 

: 1,343,427 

557,719,268 

14,845,719,071 

7,335,967 

1939. 

82,571,623 

1,870,051 

749,787,090 

17,170,021,595 

9,514,299 


\ 


they have set in their operations. For the 12 months ending March 26, 
1940, the air lines of the United States flew 87,325,145 miles, transporting 
2,028,817 passengers without a single fatal accident. 

The principal problem remaining to be solved by the air lines is one 
of convenience. At present, a number of large cities are served by air- 
ports so distant from the business sections that little time is saved on 
short runs, even with the extremely high speed of the modern transport 
plane. With greater distances, the time involved in going to and from 
airports is less important; but the inconvenience of reaching airports, 


Table III 

DOMESTIC ACCIDENT STATISTICS FOR YEARLY PERIODS 
AS INDICATED 



12 Months 
Ending 

March 20, lOSS 

12 Months 
Ending 

March 20, 2939 

12 Months 
Eliding 

March 20, 1940 

Total Miles Flown 

67,002,154 

71,080,308 

$7,325,145 

Total Passengers Carried. 

1,157,738 

503,484,701 

1,389,818 

2,028,817 1 

Total Passenger Miles , 

565,220,938 

814,900,250 

Fatal Accidents 

4 

5 

0 j 

Fatal Passenger Accidents 

4 

5 

0 

Passenger Fatalities 

32 * 

20 

0 

Crew Fatalities 

10 

8 

1 0 

Miles Floum Per Fatal: 




Accident 

; 10,750,539 

14,216,002 

— 

Passenger Accident 

1 10,750,539 

14,210,062 

28,201,047 

— 

Passenger Fatality 

j 15,733,899 

— 

Crew fatality 

I 0,700,215 

8,885,039 

.w— ^ 


* Commencing with 193G, the Post Oflice Department discontinued the practice of 
issuing mail-poundage figures, owing to a change in their operations hereby reim- 
bursement to air carriers was placed on the basis of pound-miles of operation. 
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compared with the ease of reaching the midcitj’- location of most railroad 
terminals, is still a deterrent factor. That this is recognized and is 
being studied by air-transport operators may be indicated by recent 
experimental operations of one of the leading air-line passenger and 
mail operators wherein air mail, upon arrival at the air terminal of a 
large Eastern city, was immediately transferred to an autogiro, which, 
taking off from the airport, flew into the metropolis and landed on the 
roof of the main post office in the heart of the city. 

The dependability of flying equipment has been supplemented by 
blind-flying instruments and constant radio communication with the 
ground to pick up weather reports on the route ahead. 

Possible Future Developments 

The roseate predictions made for private flying by the general public," 
which were so characteristic of the boom period lasting through the 
summer of 1929, died a natural death in the light of subsequent ex- 
perience; but all that has been predicted for the growth of scheduled 
air-lme services has been fulfilled. It has become apparent that the 
development of scheduled servdee must precede any wide development 
of private flying, for, insofar as the average man is concerned, the pri- 
vately ovmed airplane is far from being indispensable and still is handi- 
capped by danger and inconvenience. The high cost of flying is another 
difficulty, but one of less importance. Widespread adoption must de- 
pend upon the creation of a machine that will overcome these difficulties, 
and such development may involve radical departures from anything 
we know today. 

Probability of express and freight transportation. It is probable 
that the next development of importance in air-line sendee will be the 
institution of express and freight transportation on a large scale and at 
reasonably low rates. To date, this source of revenue has been neglected, 
except for a few attempts on the part of scattered operators; but many 
air-line executives realize that revenue from the transportation of mer- 
chandise has been the railroads’ chief source of profit, and they believe 
that there is no important reason why it should not, in the future, become 
the financial backbone of air-line operations. Important difficulties so 
far have been those of gaining sufficient volume to make possible low 
lates that still return a profit, and of developing an adequate ground 
organization and pick-up and deliver^’’ servdee. It is evident that large 
capital resources must be obtained before widespread services of this 
character can be established, because of the necessit}" of breaking the 
circle of low volume, low utilization of plane capacity, higli operating 
costs, high rates, low volume, etc. Another difficult^" is that plane opera- 
tion must be in units, and large volume means adding more units without 
a comparative reduction in cost. The railroad merelj^ adds extra cars 
to a train with little additional expense; the air line must add new' planes. 

Transoceanic air-mail and passenger service. Long the dream of the 
so-called “visionaries” of the industiy, first trans-Pacific and then trans- 
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Atlantic air-tnail and passenger service have become realities within the 
past decade. It is difficult to realize that, onlj^ 14 years after Lind- 
bergh’s solo flight over the Atlantic — and that which was considered 
almost a miracle in its day — large flying clippers are taking off on a 
several times a week schedule from New York and San Francisco, and 
wending their respective ways over the Atlantic and Pacific, loaded with 
mail, express, and — most remarkable of all — ^passengers. 

Transoceanic air-mail service was just getting into its stride when the 
outbreak of hostilities of the Second World War seriously upset normal 
operations and growth. Although the service has not been entirely aban- 
doned, it is being continued under difficulties. Owing to the lack and 
hazard of surface shipping, transoceanic air service is being found 
somewhat of a boon for the safe transport of mail and the few highly’* 
important individuals who are crossing the oceans in these troubled times 

Development of larger planes. Enlargement of the size of air trans- 
ports to meet the ever-increasing air traffic lias been underway for some 
years, and there are currently flying 4-engincd air transports capable of 
transporting 40 to 50 passengers, with an additional load of mail, express, 
and baggage, on a nonstop flight from New York to California in from 
16 to 17 hours, or just overnight. 

Further development of passenger transports must unfortunately await 
the coming of peace to the world once more, although, making the best 
of necessity, it will not be surprising to find that lessons learned in the 
hurried development of larger and even larger military bombardment 
airplanes and troop and cargo carriers will later be found of direct bene- 
fit in carrying on the real mission of the airplane, namely, the trans- 
portation of people and goods along the commercial airways of peace. 

Increasing mail, passenger, and express revenues will change the direct 
revenue picture, but the relation of air transport to national defense, air- 
port expense, competition with completely Government-subsidized air 
services of foreign countries, and other factors will still necessitate some 
form of assistance to United States air-transport industry. 

Travel and Speed Records 

Circling the globe. The early records for circling the globe make an 
interesting comparison with those of today. Del Cano (1522) circled 
the globe in 3 years, establishing probably the first record. Drake 
(1577) and Cavendish (1586) accomplished the same feat, but neither 
lowered the record much. The next important record of 72 days was 
set in 1889 by Elizabeth Cochrane. This was lowered to 67 days by 
Train, in 1890; to 60 days by Fitzmaurice, in 1901; and to 35 days by 
Mears, in 1913 In 1926, Evans and Wells, using airplanes and ships, 
lowered the record to 28 days. In 1927, a new record of 23 days, 15 
hours, and 21 minutes was set by Mears and Gollyer. 

The first lighter-thamair record of 21 days, 7 hours, and 24 minutes 
was established by the Graf Zeppelm in 1929. In 1931, Post and Gatty 
set a heavier-than-air record of 8 days, 15 hours, 21 minutes. In 1933, 
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Wilej' Post made his solo flight in 7 days, 18 hours, 50 minutes. There- 
after, almost each year saw a new record set, until in July, 1938, How- 
ard Hughes and a crew of four, flying a Lockheed Monoplane powered 
by two 1,100 H. P. Wright cyclone engines, set the present record of 3 
days, 19 hours, 8 minutes. 

Transcontinental flying. Transcontinental air records have been set 
and broken with almost yearly regularity. The first dusk-to-dawn 
Sight was made by R. L Maughan on June 23, 1924, in 21 hours, 48 
minutes, 30 seconds. Many other outstanding pilots made similar 
flights, each setting a new record, until on April 20, 1930, Colonel and 
Mrs. Lindbergh made tlie flight in 14 hours, 23 minutes, 27 seconds. 
Ruth Nichols, on December 10, 1930, lowered the record to 13 hours, 21 
minutes, 43 seconds; IMajor J. H. Doolittle, on September 4, 1931, to 
11 hours, 15 minutes; Alajor R. Turner, on September 24. 1933, to 10 
hours, 5 minutes, 30 seconds; and Howard Hughes, on January 14, 1936, 
to 9 hours, 27 minutes, 10 seconds. On February 11, 1939, H. Ben S. 
Kelsey, of the United States Air Corps, set a new transcontinental record 
of 7 hours and 45 minutes^ 
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The Telegraph industry 


Early History of the Telegraph 

Early methods of signaling. Few great inventions ^vhlch have 
speeded the v’orld’s progress are the product of one man’s work, and the 
telegraph is no exception to the rule. Literally hundreds of men may be 
said to have made contributions over a period of centuries to the world’s 
knowledge of magnetism, electricity, and communication by wire before 
Samuel F. B. Morse brought forth tlie first practical recording telegraph 
instrument, which provided the basis for the creation of the present 
world-wide network of telegraphs — ^the nerve system of world commerce 
and trade and social correspondence. 

Man has sought to overcome distance in his communications since the 
days when savage tribes roamed the forests. First there were runners, 
and later horsemen; then signals by fires on towers and hills, and by the 
tooting of horns. In America, the Indians signaled by a code of short 
and long puffs of smoke from fires covered by blankets. In Africa, sav- 
ages beat tom toms to summon tribal warriors. About 150 years ago, 
the French began using semaphores on hilltops, moving the crossarms of 
semaphore towers to convey messages 

Early knowledge of lodestone. The Chinese knew of the lodestone, 
or natural magnet, about 2600 b.c,, arid their navigators were using the 
magnetic compass centuries before it was known in Europe Some 2,200 
years ago the Greeks played with amber beads, which became electrified 
when rubbed and would pick up thread. It was not until Roger Bacon 
published his theories on the lodestone in 1267, however, that thought was 
directed to using this force for communication. 

Early inventions. In 1558, Porta wrote of two needle-shaped pieces 
of steel mounted on dials with letters around their margins. These 
needles were magnetized by the same lodestone; and when one needle 
was turned, the other was supposed to move “sympathetically^^ to the 
same letter, thus making communication over a distance possible. Wood, 
of England, discovered in 1726 that static electricity could be conveyed 
by pieces of metal, and others were soon experimenting with static dis- 
charges through lengths of wire. Musschenbroek, who invented tfie 
Leyden jar, in which electricity could be stored, found in 1754: tliat the 
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electricity in the jar could be conveyed a distance by means of a wire. 
Galvani discovered galvanic activity in 1786. 

The first practical suggestion of telegraphy v*as made about 1747 by a 
Scot knovm only as ''C. M.” He ad\dsed using a separate wire for each 
letter of the alphabet Le Sage in Geneva carried out the idea, and he 
was followed by others. Eeizen, Salva, and Ronalds created \dsible 
telegraphs. The latter, in 1823, operated in England a system by which 
a disc at each end of a single wire revolved slowly, so that the same letter 
on each disc would appear at the same time and a signal was sent as each 
desired letter appeared. Harrison G. Dyar on Long Island, in 1826, 
built a 2-mile telegraph system operated by causing a spark discharge 
which discolored a moving strip of litmus paper 

Building upon various other discoveries, Sturgeon invented in England, 
in 1825, an electromagnet, which Joseph Henry, a professor at Albany, 
New York, improved and used in 1829 in a signaling apparatus to sound a 
bell for which a code was devised. In 1819, Oei'sted discovered the de- 
flecting influence of current on a magnet needle. 

Ampere, in 1820, adopted Laplace^s suggestion that small magnets be 
used at the ends of 26 wires to indicate the letters of the alphabet, and he 
was followed by other inventors who used magnets to cause needles to 
svdng to the right or left upon receiving pulsations over the wire and thus 
to convey signals. Important among these were Cook and Wheatstone, 
who, on December 12, 1837, applied for a patent for a telegraph that used 
galvanometer needles and operated over moderate distances. In the same 
year, Steinheil placed in operation an electromagnetic-needle telegraph 
connecting the obser\"atory and the Cabinet of Natural Philosophy at 
Gottingen. Three months earlier than Steinheil, !Morse published his 
invention. 

The first practical telegraph instrument. It was Morse, then, who 
presented the first practical instrument for recording signals over the 
wire. YTaen the small ship Sully sailed from Havre on October 1, 1832, 
for New York, none of those on board, and least of all jMorse, a dis- 
tinguished American painter and president of the National Academy of 
Design, dreamed that the trip would result in an invention that would 
annihilate distance in communication. 

Among the group of influential Americans on board was Dr. Charles 
T. Jackson, of Boston, who discoursed at the dinner table of the then 
recent discoveries in electromagnetism and the length of wire in the 
coil of a magnet. 

'*Was the velocity of electricity retarded by the length of the wire?” 
someone asked. Dr. Jackson replied that experiments had shoTO elec- 
tricity passes instantaneously over any length of wire. 

“If the presence of electricity can be made visible in any part of the 
circuit, I see no reason v:hy intelligence may not be transmitted instan- 
taneously by electricity,” JMorse exclaimed. He left the table and went 
on deck, his mind filled with a great inspiration. 

He first thought of signs that could be transmitted over the wire, and 
realized that the dot, the dash, and space were three signs which could be 
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sent. He jotted down a dot and a dash code for numbers. He also 
sketched a receiving instrument — ^practically the same as the Morse tele- 
graph instrument which is still used to a limited extent today. The 
weak permanent magnet has been replaced by a spring and some other 
minor changes have been made, but an electromagnet still attracts the 
lever and produces dots and dashes as the original drawing indicates. 

Morse worked incessantly and had developed his idea to such an extent 
that, before the vessel arrived at New York, he told the captain: 

'^Well, captain, should you hear of the telegraph, one of these days, as 
the wonder of the world, remember the discovery was made on board the 
good ship Sully 

Morse could not devote all of his time during the next 3 years to the 
construction of telegraph apparatus because, in order to live, he had to 
paint and to teach painting. He lived in a garret and made models by 
hand in his spare hours. 

During the birth of his invention, Morse was often near starvation. 
Once he asked a wealthy young Virginian for the weekly tuition due for 
his art lessons. The pupil said the post had not brought his allowance 
but that it no doubt would the next week. 

“Next week!'' Morse exclaimed. “I shall be dead by that time.^^ 

“Dead, sir?’’ 

“Yes, dead by starvation." 

In 1835 he was appointed Professor of the Literature of the Arts of 
Design at New York University. This appointment gave liim a small 
salary and rooms in Washington Square, where ho could live and work. 
In these rooms, he built the first telegraph instrument — a crude affair 
on a picture frame, with an ordinary lead pencil suspended by a pendulum 
to make the dots and dashes. 

After Morse had completed the first instrument, friends and scientists 
came to his rooms in Washington Square, saw the invention work, and 
acclaimed it. Finally, Alfred Vail came to see the invention and became 
an enthusiastic supporter. Vail obtained the aid of his father, a manu-- 
facturer at Morristovm, New Jersey, and at that plant apparatus was 
built in the fall and winter of 1837 and public demonstrations were be- 
gun in January, 1838. 

Morse then turned to Congress to finance the construction of a tele- 
graph line. For 6 years he struggled to convince Congress and the na- 
tion, with little success. On the closing day of Congress, in 1843, Morse 
sat in the gallery until nearly midnight waiting for his bill to come up, 
and went back to his hotel in bitter disappointment. The next morning 
Miss Annie Ellsworth, daughter of the United States Commissioner of 
Patents, congratulated Morse upon his success, informing the astonished 
inventor that the Senate had passed the Telegraph Bill in its closing 
minutes, thus making available $30,000 for the construction of a tele- 
graph line. 

With this money, Morse, Vail, and Ezra Cornell built the first tele- 
graph line between Washington and Baltimore. On May 24, 1844, in 
the presence of many notables, Morse sent tlie first public message: 
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‘‘What hath God ^s^rought?^' dictated by Miss Ellsworth. Vail, at Balti- 
more, sent it back. It was, therefore, 12 years after Morsels trip on the 
Sully before he sent the first public telegraph message 

First practical use. Since the fundamental idea of society is that of 
intercommunication, use of the telegraph began almost simultaneously 
witli its operation At first, the use was almost entirely practical and 
even of an emergency nature. 

Two days after the first public message was sent, the National Demo- 
cratic Convention at Baltimore nominated James K. Polk for president 
and Silas Wright for vice-president. Vail sent the news to Morse at 
Washington, 40 miles away, and the latter informed Wright, who imme- 
diately wired back his I'efusal to run. The delegates were dubious as to 
the authenticity of the repl)’', which was received within a few minutes of 
the nomination. They adjourned and sent a committee to Washington 
to confer with Mr. Wright before they would accept his answer. 

Difficulties Morse encountered. At the very outset, people ques- 
tioned Morsels sanity and were unwilling to believe the then almost 
incredible fact that intelligence could be sent instantly to a distant point. 
Then, when repeated instances of its use became knovm and the public 
began to believe in the basic fact of telegraph}*, the invention was still 
regarded as a mere toy and of little use, and men refused to rely upon it 
in matters of importance. Even the Government did not believe the 
telegraph would ever pay revenues sufficient to carry the cost of main- 
taining the line. It withdrew financial support after contributing $8,000 
to the operation for a year. The tariff instituted was 1 cent for every 
four characters. Revenue was extremely small. Morse and his asso- 
ciates, in 1845, sought to sell the telegraph to the Government for $100,- 
000, but the offer was refused. As a result of this refusal, the telegraph 
in the United States was developed by private ovmership and capital, and 
far outstripped in size, volume, and speed of service the telegx'aphs of 
other nations, where governmental ownership and operation were the rule. 

Morse at once began raising $15,000 for construction of a line between 
New York and Philadelphia. Capitalists refused to be attracted, but 
people of moderate means came to the rescue. The Magnetic Telegraph 
Company was the first incorporated telegraph company. Under the 
superintendence of Ezra Cornell, it completed its line from Philadelphia 
to Fort Lee on January 20, 1846, and exi:ended it to Baltimore in the 
same year, joining with the line to Washington. 

At the same time, other similar inventions and devices found their 
supporters, and other companies were organized which began building 
short telegraph lines. A chaos of conflicting claims resulted, which was 
followed by years of litigation over patent rights and in which Morse 
finally triumphed. 

The unwillingness of the public to rely upon the telegraph is illustrated 
by the fact that it w*as not until the autumn of 1851 that the first tele- 
graphic train order was sent, and not until some years later that teleg- 
raphy was used generally in the operation of railroads. The first train 
dispatch by telegraph is credited to Charles Minot, general superin- 
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tendent of the Eric Railroad, A westbound express train reached Turner, 
New York, and the castbound train had not arrived. Mr. iSIinot ^Ylred to 
the next stop, ordered the eastbound train held if it arrived, and ordered 
the engineer to proceed. The engineer refused, so Mr. Minot took the 
throttle and ran the train liimself, 

After that time, the development of the telegraph was largely along 
the right of ways of railroads. The first line was along the Baltimore 
and Ohio Railroad, between Baltimore and Washington, D. C. Now 
most of the miles of telegraph-pole lines follow railroads, and telegraph 
offices arc to be found in railroad stations in all parts of the nation. 

First cable system. Few romances in business equal that of the 
submarine cable. The story of man s struggle to establish communica- 
tions across the water is even more dramatic than that of the ^’’ears of 
poverty and struggle of the telegraph pioneers. 

Today, when there are 3,000 submarine cables with a total length of 
360,000 nautical miles, and the bottom of cveiy ocean carries these busy 
threads of world communication, it is difficult to realize that, within the 
memory of living man, there was not one ocean cable and that transmis- 
sion of intelligence across the sea was not a matter of seconds but of 
weeks. 

People in Battery Park, at the tip of Manhattan Island, on the night 
of October 18, 1842, were astonished by the appearance of a man in a 
rowboat, with one assistant, laying a cable to Governor’s Island in New 
York Harbor. It was agreed by the obser\^ers that the man must be 
crazy. That man was Morse, inventor of the telegraph, pioneering in 
cable experimentation also. 

On the next morning, IMorse was exchanging signals over his 2 miles 
of insulated wire when the cable suddenly failed. A vessel raising its 
anchor in the harbor had fouled the cable, and the sailors, not knowing 
what it was, cut off 200 feet of it as a souvenir and sailed away. 

Morse repeated his experiment at Washington the next year, and in a 
letter to tlie Secretary of the Treasuiy, dated December 23, 1844, he 
proposed the establishment of communication between America and 
Europe Because he was busy with the telegraph, however, he did not 
carry his cable experiments further. 

The honor of establishing the first submarine cable in practical use has 
been claimed for Samuel Colt, inventor of the levolver. Colt invented a 
batteiy for submarine harbor defense and, in 1843, laid a submarine tele- 
graph cable in New York Harbor. He extended this cable from the iMer- 
chants’ Exchange in New York City to Fire Island and Coney Island, to 
obtain early marine news. 

Ezra Cornell, whose association with early telegraph construction was 
described above, laid a 12-mile cable between Fort Lee and New York 
City, across and down the Hudson River, in November, 1845, for use in 
conjunction with the fiist telegraph line from Philadelphia to New York, 
which was completed to Fort Lee, Januaiy 20, 1846. The cable was car- 
ried away by ice an 1846, and messages weie carried across by boat until 
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high masts vreve erected and an overhead we V'as stretched across the 
river. 

It was on August 28, 1850, 8 years after jMorse's experiment in tlie 
N’ew York Harbor, that the first European cable was laid. It connected 
Dover, England, and Cape Griz Nez, France. That cable developed de- 
fects in a short time and was later put entirely out of use by a French 
fisherman, who hooked it and cut away a part, thinking it a strange sea- 
weed. The Gutta Percha Company of London, which made the first 
cable, manufactured another in 1851 with iron- wire sheathing and hemp 
wrappings, as well as gutta percha. This cable was successful and was 
followed in the next few years by other short cables in European waters. 

F. N. Gisborne saw that the time of communications between Europe 
and America could be reduced by several days by extending telegraph 
lines to St. Johns, Newfoundland, the last stop for ships bound for 
Europe and the first for ships coming to the United States. At first he 
failed; then he met Cyrus W. Field, a retired businessman, who not only 
accepted his idea but suggested the extension of the proposed lice across 
the Atlantic Ocean and obtained financial backing. 

The land line was first extended to the coast of Nova Scotia and then, 
by means of an overhead wire suspended from towers, across the Strait 
of Canso. It was carried by land line to the northern extremity of Cape 
Breton Island. From that point, at Aspy Ba^^ a cable was laid to Port 
an Basque, Newfoundland, to connect with a land line 400 miles across 
Newfoundland to the east coast. 

A tablet commemorating the laying of the cable from Aspy Bay to 
Port au Basque was unveiled in the Western Union cable office at North 
Sydney, Nova Scotia, on September 24, 1930. It bears the following 
inscription: 

First Atlantic Cable 

This tablet commemorates the first submarine cable in North America, 
laid in 1856 between Cape Breton and Newfoundland, the fimt stage in 
the development of cable commimication between this continent and 
Europe. 

The first attempt to lay a cable across the Atlantic was made on 
August 7, 1857, by the United States Na\"y Frigate Niagara, but, after 
300 miles had been laid from Ireland, the cable snapped. The second 
attempt was begun on June 25, 1858, when the Niagara and HM.S. 
Agamemnon, of the British Na\y, met in mid- Atlantic; each spliced its 
section of cable to that of the other and started home, laying cable as it 
went. The cable broke, and 144 miles were lost. Tlie ships met in mid- 
Atlantic, spliced cable again on July 29, 1858, and on August 5 the 
'Agamemnon arrived at Valentia, Ireland, and the Niagara at Trinity 
Ba}", Newfoundland. 

There was rejoicing on both sides of the Atlantic. Among the first 
messages exchanged over tlie cable were congratulations between Queen 
Victoria and President Buchanan. On September 3, however, the cable 
became silent. It had carried only 400 messages, totaling 4,358 words. 
A new rompanj’- was formed, and a larger and stronger cable was built. 
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The largest steamship afloat, the Great Eastern^ began laying this cable 
on July 23, 1865, but the cable snapped 1,186 miles out in 2,000 fathoms 
of water. The cable was raised repeatedly, but each time the grapnel 
lines broke, so the Great Eastern returned home. 

Field and his associates refused to give up, and the Great Eastern 
again started out on Friday the thirteenth, July, 1866. This time the 
cable was laid successfully. 

Three men were alive in 1931 to tell the historic story from their own 
memories. They were Captain William N. Napper, 92, of Lake Geneva, 
Wisconsin; Martin Cahoon, 89, of Onset, Massachusetts; and Captain 
Waldemar Peterson, 80, of Long Beach, California. The latter was a 
cabin boy, and his memory of dates and events is somewhat vague, but 
vivid stories have been told by Captain Napper, who was chief carpenter 
on the Great Eastern for 3 years, and Mr. Cahoon, who was an able sea- 
man on the former queen of the seas 

Both men lauded Field, who, Captain Napper declared, “knew no such 
word as fail.^’ Mr. Cahoon emphasized Field^s attention to every detail 
and his constant attendance in the testing room, where signals over the 
cable kept the Great Eastern in touch with Ireland. He recalled coming 
in contact with a live wire while helping in the test room one day and 
dancing helplessly until Field shut the current off. Captain Napper re- 
lated the actual experience of laying the cable as follows: 

We tied the cable up at old Ireland and then began paying it out as 
wo went along, in July, 1865 The cable was carried in three great tanks 
— one foreward, one amidships, and one aft — and submerged in water. 
Everything went fine until we were 1,200 miles out Then, in testing 
the cable, the engineers found something had gone wrong. The Great 
Eastern was turned around and the cable taken in. While doing this it 
broke, slipping back into the water That was a great disappointment 
to everybody. For four full weeks we grappled for the end, but without 
success, and finally gave it up for* the time being. 

Starting out the next year, in 1866, we laid the second cable success- 
fully to Trinity Bay, Newfoundland. What a celebration there was at 
Heart's Content ^ 

That occasion also stood out in the memory of Mr. Cahoon. When 
the ship had almost reached Newfoundland, he remembered, the signals 
over the cable indicated a fault, and it required all day for the ship to 
turn around and pick up the cable and remedy the fault. During thi.*: 
lieriod, he said, there was the greatest anxiety in England, where the cause 
of the sudden silence was not known. 

Both Captain Napper and IMr. Cahoon remarked that those in charge 
did not pay the crew^ when they reached Heart’s Content, so the crew 
would remain sober upon landing. But according to Captain Napper, 
“that didn’t do any good, because everj^bodj’’ was in such a happy mood 
that brandy and beer flowed like water and was free to the crew. Strictly 
sober men were rare in those days, and they certain!}’’ had cause to 
celebrate.” 

The celebration was cut short, however, for the Great Eastern soon 
went back to mid-Atlantic and set about raising the end of the cable it 
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had laid to that point tlie year before, in July, 1865. Of this second 
venture, Mr, Cahoon related tliat, “after six hours of repeated grappling, 
the 1865 cable v/as raised to the surface, where it broke. The Great 
Eastern then sailed thirty miles east, raised the cable to within twenty 
feet of the surface, and sent do^Ti a diver to fasten a rope to it, for fear 
it might break again if pulled to the surface.*^ Then the 1865 cable was 
continued to Heart s Content. 

With two cables operating across the Atlantic, the Steamship Medway, 
which liad assisted the Great Eastern, then laid a cable from Cape Ray, 
at tlie southwest coiner of Newfoundland, to Cape North, at the northern 
extremity of Cape Breton, thus providing a cable connection vrith the 
land lines in Canada and the United States. These two Atlantic cables 
remained for some years the only means of high-speed communication 
between Europe and America. 

Development of the Telegraph Industry 

The beginnings of the telegraph as a system in the United States. 
Following the refusal of the United States Government to take over the 
ownership and operation of the telegraph, as proposed by Morse and his 
associates, a number of companies operating short telegraph lines were 
organized. Over 50 telegraph companies were in business in the United 
States in 1851, 7 3^ears after the first public message was transmitted. 

Almost all of these companies w^ere licensed by owners of the Morse 
patents, but a few used other devices. One of these was an invention by 
Alexander Bain, which involved the use of a roller at each end of the 
telegraph line, each revolving clockwise at a regular speed. A paper 
ribbon was perforated with the desired dots and dashes at the sending 
end, and, as each perforation passed beneath a spring resting on the 
roller, the spring contacted with the charged roller and flashed a long or a 
short signal. At the receiving end a similar spring, dragging on a chem- 
icalty treated ribbon of paper, convej^ed the electricity to the paper and 
made a dot or a dash. 

Another invention used b^^ some lines was the House printing tele- 
graph, important because it was the forerunner of automatic printing 
telegraphy, which today handles about 94 per cent of the nation’s tele- 
graph business. The machine, invented b^’' Royal E. House, of Vermont, 
imprinted Roman characters by telegraph and thus eliminated the trans- 
lation of words into dots and dashes and back into words again. The 
value of the House patent was recognized by several persons who organ- 
ized companies to develop this method of operation. 

In 1849 and 1850, lines were built to operate the House system between 
New York and Buffalo, New York and Boston, and New York and Phila- 
delphia. On April 1, 1851, a group of Rochester men, led by Hiram 
Sibley, Ezra Cornell, and Samuel L. and Henry R. Selden, acquired rights 
to extend the House system throughout the United States and incorpo- 
rated as the New York and Mississippi Valley Printing Telegraph 
Company. 
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This company constructed a line from Buffalo to Louisville but did 
not extend it to St. Louis, as planned, owing to the lack of stock sub- 
scriptions. The proposed capital stock of the company was §360,000, 
but it was impossible to sell more than §170,000. Although the company 
went into debt 815,000 in its first 3 years, it displayed its determination 
by purchasing the Lake Erie Telegraph Company lines from Buffalo to 
Detroit and from Cleveland to Pittsburgli in 1854. 

The new company was in a far better condition than most of the 13 
other companies operating in the 5 states north of the Ohio River, 
which suffered the disadvantages of multiple and inharmonious manage- 
ment, doubling rates when messages passed to other lines and rendering 
slow and unreliable service. Two of these lines W'ere sold for debt, and 
the others were in such an impoverished condition that the principal 
owners approached the New York and Mississippi Valley Printing Tele- 
graph Company in 1854 and 1855 with offers of sale 
Western Union Telegraph Company. Through the cooperation of 
Ezra Cornell and some of the other principal owners of telegraph prop- 
erty in the north-central states, a consolidation was effected, and, by 
authority of an act of the New York State Legislature on April 4, 1856, 
the combined companies were given the name of the Western Union 
Telegraph Company, indicating the union of the “western*^ lines in one 
system With protection from competition, elimination of duplicated 
management, and freedom to use the simpler and more economical Morse 
devices, Western Union made great strides 
In 1861, Western Union built the first transcontinental telegraph line, 
linking the Pacific Coast with the East by furnishing rapid communica- 
tion across thousands of miles of Indian-infested desei't and wilderness. 
In 1866, it absorbed the other two sizeable companies, the American Tele- 
graph Company and the United States Telcgrajfii Company, and moved 
its headquarters from Rochester to 145 Broadway, New York City. The 
company, wdiich had started out with 550 miles of wire, then had 75,686 
miles of wire and 2,250 offices. 

Growth of the industry. Uniform and widespread service under re- 
sponsible management, as contrasted with the previous poor servdee given 
by numerous small companies, was recognized and rewarded by the pub- 
lic; business multiplied. The formerly poor and struggling company be- 
came wealthy and constantly declared large cash and stock dividends 
which were well within its earnings. 

By acquiring existing lines and constructing new and better lines, the 
company rapidly extended its operations over the country. After the 
transcontinental line had been completed, the telegraph companies of the 
Pacific Coast were federated and merged with the national system. 

One of the Pacific Coast lines, built almost immediately after com- 
pletion of the transcontinental line, extended from San Prancisco to Ore- 
gon and Vancouver. It was then proposed by Perry MacDonough Col- 
lins, who had sciwed as consul at St. Petersbuig and also as American 
Commercial Agent at the mouth of the Amur River on the coast of Siberia, 
that the line be extended through Biitish Columbia and Alaska, across 
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Bellring Strait by short cable, and tlicn soutlnve::! through Siberia to 
the mouth of tlie Amur River. 

Collins had obtained an agreement that the Russian Government would 
build a line across Siberia from St. Petersburg and IMoscow to meet the 
American line. He also had obtained a concession from the British Gov- 
ernment for the right of way through British Columbia. He sold his 
concessions and grants on !March 16, 1864, to the Western Union, which 
undertook the work, after despairing of the early laying of an Atlantic 
cable, a task which had been attempted so often without success. 

A great cxiicdition was organized, divided into British Columbia, 
Alaska (then Russian-American), and Siberia land parties, and a marine 
sendee with a fleet of vessels, and all sections were actively engaged by 
the end of 1865. The story of the hardships and adventures of these 
parties forms one of the most romantic chapters in telegraph histoiy* 
Each sun’eyed its entire section; more than 1,000 miles of line were built; 
the cable was laid; and success seemed within grasp when, owing to the 
laying of the first successful Atlantic cable in 1866, the project was 
abandoned. 

Although under no legal obligation to do so, because the company 
promoting the overland line was separate, Western Union, realizing a 
moral obligation to those whose stock had become worthless, shouldered 
the loss of 83,000,000. Out of the expedition grew man}’ important 
things, such as the purchase of Alaska from Russia, the mapping and 
ex]floration of thousands of miles of unknovTi Arctic wilderness, and the 
development of telegraph business linking the Orient with Europe and 
America by the Siberian line, which the Russians completed to the 
Pacific Ocean. The purchase of Alaska was the outcome of a conversa- 
tion between President Hiram Sibley, of Western Union, and Premier 
Gotchakoff, of Russia. After their talk, in which a willingness to sell 
was exj^ressed by the Premier, !Mr. Sibley asked President Pierce, of the 
United States, to act speedily in making the purchase. 

Gradually, through purchase, lease, or stock ownership of 538 tele- 
graph and cable corporations and properties, and by the construction of 
new lines, Western Union became the national telegraph sj’stem, embrac- 
ing practically every community in the United States ; and now, through 
its 19,500 oflSces, it handles over SO per cent of the telegraph business of 
the country. (The balance is handled by Postal Telegraph, Inc.) 

The greatest period of development in the company’s histort” has been 
in the last three decades. Additions and betterments to the plant ag- 
gregating $201,565,000 in that period have increased the book value 150 
per cent. The company’s gross annual revenues and income from its 
land-line and cable systems increased from $33,889,000 in 1910 to $101,- 
278,000 in 1940, or 199 per cent. 

Technical development. Thirty years ago, iron wire was in general 
use; today 76 per cent of all land-line wire used is of copper. 

Mechanical development of the telegraph kept pace with the growth 
of business, miles of wire, and number of offices. In 1855. David E. 
Hughes of Kentucky produced a greatly improved House printer, vuth 
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a pianolike keyboard and many mechanical improvements* The devel- 
opment and general use of automatic telegraphy did not materialize, 
however, until later years, when it was necessary to handle a large vol- 
ume of traffic over a relatively small number of wires. 

In the 1850's, the duplex telegraph, which permitted sending messages 
in both directions at the same time over the same wire, was invented 
and developed by Gintl, Frischen, Siemens, and Stark. J. B. Stearns, of 
Boston, is credited with introducing and improving duplex telegraphy in 
America, thus doubling the capacity of existing telegraph circuits. 

Thomas A, Edison^ s contribution, Thomas A. Edison, one of the 
greatest telegraph inventors, was largely responsible for the quadruplex, 
the next step in telegraphy. He applied for no less than 1,000 telegraph 
patents between 1860 and 1910. Edison began this work as a Western 
Union operator, and later had the financial backing and used the facilities 
of Western Union while developing the quadruplex. His purpose was 
accomplished by combining a modified single-current system with a 
double-current duplex, and the invention thus saA^ed the telegraph com- 
pany millions of dollars in construction costs. 

Edison contributed many other important telegraph inventions, one of 
which was his two-wire universal stock ticker, an improvement of the 
first successful ticker, invented by E. A. Calahan. Of all the tickers 
inA^ented in the early years of the business, Edison's alone has come down 
to us practically unchanged, and some thousands of these instruments 
are still being used in some of the minor ticker systems operated by 
Western Union. 

After inventing his first major ticker improvement — a dcAuce for bring- 
ing tickers into unison from the central office — Edison was asked by 
General jMarshall Lefferts, then head of the Commercial News Depart- 
ment of Western Union, how much he would take for his ticker improve- 
ments to date. Edison started to answer §3,000 but hadn't the nerve 
to name such a large sum. General Lefferts asked if §40,000 would be 
satisfactory, and Edison nearly fainted. That money gaA^e Edison his 
real start; he rented a shop at Newark and began producing tickers and 
other instruments. 

Atito7nai{c telegra'phy. The wire mileage of the company increased 
from 153,000 miles in 1875 to 1,913,000 in 1939, but the increase in the 
capacity of the system was far greater, owing to iinproA^ements in the 
art of telegraphing. The multiplex telegraph system, in general use on 
trunk lines between cities, permits the transmission, at high speed, of as 
many as eight messages simultaneously over one wire, four in each di- 
rection. 

Such messages are written by operators on keyboards similar to those 
of typewriters. As the keys of the instruments are struck, holes are 
perforated in a narrow paper tape. Letters of the alphabet and other 
characters arc represented by* combinations of fiA^e holes in the tape 
The tapes pass into transmitters, and the impulses, caused by electrical 
contacts controlled by the holes in the tapes, flash out oA^er the wire. 
Upon reaching the other end of the Avire, the impulses are translated 
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back into characters and printed on tapes, ^’hich the operators gum to 
message blanks. 

Four sending and four receiving machines may be attached to each 
end of a wire connecting two cities, and from two to eight messages, 
depending upon traffic requirements, passed over the one wire simultane- 
ously. By means of an automatic control device, the sending and receiv- 
ing operators can instantly communicate with each other should com- 
munication become necessary during the transmission of a message. 

The teleprinter, which has been placed in general use,' is suited to short 
circuits where traffic is light. It is a compact machine, a trifle larger than 
an ordinary typewriter, and weighs less than 70 pounds. Like the Multi- 
plex, it IS operated from a keyboard similar to that of a typewriter 
keyboard 

Installation of thousands of teleprinters in the offices of Western Union 
customers has practically added as many new, direct-wire offices to the 
19,500 telegraph offices of the company. The printer in the customer's 
office is connected directly with a similar machine in the local telegraph 
operating rooms, and messages are sent back and forth, making deliveries 
between the two points practically instantaneous. Also, there are more 
than 15,000 Western Union agencies at which telegrams may be sent. 
Moreover, every coin-box, office, or home telephone is a station from 
which telegrams may be filed. 

A development by Western Union engineers which is producing im- 
portant changes in the telegraph system is the automatic telegraph, which 
utilizes the facsimile process and provides a method so simple that the 
sender needs only to drop his telegram into the slot of an automatic 
telegraph cabinet. Electricity does the rest, wrapping the message 
around a cylinder and flashing it to the main telegraph office. Western 
Union engineers also have developed a method by which pictures of high 
quality are sent by cablephoto from London to New York, 

Varioplex, another important development, enables Western Union to 
offer Telemeter Service, by which telegrams of big users are measured 
with a word meter for each patron employing this service. The charge is 
for the number of words a patron transmits monthly. Introduction of 
automatic relaying, automatic repeaters, teleprinter-multiplex repeaters, 
and carrier circuits also has made possible the adoption of new operating 
methods. 

Now, approximately 94 per cent of the nation’s telegraph business is 
handled by automatic methods, .and the progress of the industry is in the 
direction of a greater degree of automatic, faster, and more accurate oper- 
ation. In spite of this tendency, however, telegraph officials doubt if the 
Morse operation will ever be entirely abandoned, because of its greater 
flexibility under certain conditions, such as the reporting of sports and 
other events by reporter-operators. There are still a number of Morse 
operators in all large telegraph offices. 

Leaders responsible for our telegraph system. Symbolic of the 
policies which developed the national telegraph system known as Western 
Union is the character of the men who have directed its progress. 



THE TELEGRAPH INDUSTRY 


751 


Led by Hiram Sibley, Samuel L. and Henry R. Selden, and Ezra 
Cornell, whom wo have noted, a group of Rochester, New York, residents 
organized the New York and Mississippi Valley Printing Company in 
1851. These far-sighted leaders had visions of a great telegraph system 
at the very outset and pressed on in the face of financial loss and great 
difficulties, buying in other companies operating in the Midwest and 
extending their lines. The first board of directors included Henry S. 
Potter as president, Joseph Medberry as vice-president, Isaac R. Elwood 
as secretary and treasurer, Hiram Sibley, Judge Samuel L. Selden, Ezra 
Cornell, Don Alonzo Watson, Isaac Butts, Alvah Strong, Freeman Clarke, 
George H. Mumford, and J. M. Howard. 

After consolidating with the Erie and Slichigan Telegraph Company, 
which was operating under valuable grants of Morse patents held by 
Ezra Cornell, in 1856 these men further displa 3 "ed their vision by select- 
ing the name ^W^estern Union.'^ Hiram Sibley was elected president. 

Mr. Sibley was one of the most forceful figures of his time. In his 
9 years in office, he pushed Western Union rapidly toward national size, 
building the first transcontinental telegraph and attempting to construct 
the overland line to Europe by way of Alaska and Siberia. An illustra- 
tion of Mr. Sibley’s forcefulness was his declaration, when his board ex- 
pressed reluctance to build the line to the Pacific: ''Gentlemen, if you 
won’t join hands with me in this thing, I’ll go it alone.” 

The caution of the board members prevailed to some extent, for 
separate companies were formed by Western Union to handle this con- 
struction. After the line was built, the construction companies were 
merged with the parent company. 

No summary of telegraph development in that period would be com- 
plete without mention of Edward Creighton, who surveyed and built 
the eastern end, and James Gamble, who was in charge of construction of 
the western end of the transcontinental line. 

One of the greatest of business diplomats was Jeptha H. Wade, who 
succeeded Mr. Sibley as president in 1865. Mr, Wade had been an active 
pioneer builder of telegraph lines in the Midwest, and he came to the 
company in 1854, when his Erie and [Michigan Telegraph Company was 
consolidated with it. His strategy was also seen in the federation of 
the Pacific Coast lines and their merger with Western Union. 

In 1866, the company moved its headquarters from Rochester to 145 
Broadway, New York Cit 3 ^ Mr. Wade retired because of poor health, 
after serving 2 years, and selected as his successor William Orton, former 
United States Commissioner of Internal Revenue and president of the 
United States Telegraph Company. Mv, Wade had just completed ne- 
gotiations for consolidation with the latter company and with the Ameri- 
can Telegraph Company. 

Rapid growth of business marked IMr. Orton’s administration. In 
1872, the number of telegrams handled daily in the New York operating 
room was 3,500, a large figure then, but small now as compared uuth 
more than a quarter of a million handled daily through the New York 
central operating rooms. Mr, Orton saw the need of larger headquarters, 
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and erected at 195 Broadway what was hailed as one of the ^%ost 
magnificent and colossal” structures of the day. It was occupied in 1875. 

A fire destroyed the upper floors of the building in 1890, and it was 
rebuilt and reoccupied in 1892. Dr. Norvin Green, a physician who 
organized the Southwestern Telegraph Company, became vice-president 
of Western Union during the mergers of 1866 and president on the death 
of jNIr. Oiion in 1878. IVlien Dr. Green died in 1893, General Thomas 
T. Eckert, chief of the "War Department Telegraph Staff during the Civil 
War, w'ho performed confidential missions for Abraham Lincoln and 
later was Assistant Secretary’' of War, was promoted to the presidency of 
the company Another Civil War telegraph figure, Colonel Robert C. 
ClowT^’', succeeded Mr. EckeH in 1902 and held office until November 
23, 1910. 

The years 1909 and 1910 marked the real inauguration of modern 
telegraphy as a commercial business being pushed through sales and 
public-relations efforts. In 1909, the American Telephone and Telegraph 
Company acquired control of Western Union by purchasing the stock 
of the Gould estate, and Theodore N. Vail, president of the American 
Telephone and Telegraph Compan}^, became also president of the Western 
Union on November 23, 1910. Newcomb Carlton, formerlj^' an American 
telephone man and then managing director in London of the British 
Weslinghouse Company, was brought over and made vice-president. 

The Western Union ser\dce and plant at that time was more or less 
run dovm, and Mr, Carlton was given the job of carrying out a campaign 
of progi'ess and reform. Ding}’' telegraph offices were replaced vith 
polished oak and shining plate glass; courtesy and prompt attention were 
stimulated. VTien it was learned that the telephone subscriber could 
take dovra the receiver and ask for Western Union, send a telegram, and 
have it charged to his telephone account, the public realized that a revo- 
lution had taken place in telegraph ser^uce. 

Mr. Vail instituted a campaign of public education to which the people 
responded. Business of the Western Union showed an increase of 
$5,000,000 in the first year. In 3 years, the gross revenue increased 45 
per cent and wages to operators were increased 55 per cent. To allow 
the public to utilize the quiet hours when operators had little to do and 
lines were nearly idle, the night letter was created in 1910 and the day 
letter in 1911, followed by the cable letter and week-end cable, as de- 
ferred cable ser\uces at low rates. 

The rearrangement program had hardly run 3 years before tlie De- 
partment of Justice questioned whetlier the two companies were not 
violating the Sherman Anti-Trust Act, The American Telephone and 
Telegraph Company then sold its holdings of Western Union stock and 
Mr. Vail retired from the latter company so that the control and manage- 
ment would be entirely independent. On April 15, 1914, he handed over 
to his successor as' president, Mr. Carlton, the task of carrying on the 
program of progi'ess which had been instituted. 

Vfiien. the Government took control of all communications companies 
during the First World War, in order to safeguard and control their 
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operations, Newcomb Carlton was placed in charge of the operation of 
all babies, and a board of officials was named to operate the telephone 
and telegraph companies. The financial structures and organizations of 
the companies were otherwise not affected After operating the com- 
munications lines at a substantial loss from November 2, 1918, to Juty 
31, 1919, the Government restored the lines to their owners. 

One great physical step forward came with the completion, in 1930, 
of a great national headquarters building, the largest telegraph building 
in the world, at 60 Hudson Street, New York City, “Moving daj^” re- 
quired 6 months, but finally all headquarters departments, the IMetropoh- 
tan and Eastern Division headquarters offices, and the New York oper- 
ating rooms were all housed under one roof. More than 6,000 eraploj’^eeb 
were thus grouped in the building. 

In other cities throughout the nation the company has erected fine 
buildings which give outward evidence of the size and importance of the 
industry. These great buildings and the many other offices and miles 
of line of the great telegraph system stand as monuments to the American 
passion for efficiency and speed in the transaction of their personal and 
business affairs. 

R. B. White, then president of the Central Railroad of New Jersey, 
became president of Western Union on June 1, 1933, and Mr. Carlton 
became chairman of the board. Among the more outstanding accom- 
plishments of Mr. IWiite^s administration are: a new era of technical 
progress and developments, marked by the automatic telegraph, cable- 
photo, earner system, and vanoplex (see page 750) ; a bioadened business 
use of telegraph services through the establishment of the new overnight 
telegram, and telemeter, tourate, and serial services; larger use of tele- 
grams for social purposes through low-rate greeting services for holidays 
and special occasions; a progressive public-relations program to keep 
the public, stockholders, and employees informed; and other develop- 
ments too numerous to list here Mr White resigned on June 1, 1913, 
to accept the presidenej’- of the Baltimore and Ohio Railroad. IMr. A. 
N Williams, president of the Lehigh Valley Railroad, was elected to 
the presidency of Western Union on June 17, 1941, succeeding ilr. 
White. 

Postal Telegraph, Inc. Up to this point, wc have considered primar- 
ily the Western Union There is one other large telegraph company 
in the United States, Postal Telegraph, Incorporated. 

The following excerpts from a statement^ made during 1930 the late 
Clarence H. Macka^’’, then chairman of the board of Postal Telegraph, 
describe the Postal system and give its history: 

The Commercial Cable Co., ^^hlch was founded by my father m 
1884, onms and operates six trans-Atlantic cables between New York 
and England. All of these cables touch at cither Nova Scotia or New- 
foundland and Ireland, cn route to England. Two of them also touch 
at the Azores before reaching Ireland. There are also two cables 

'Testimony before the Committee on Interstate Commerce, United States Scn.ate, 
pp. 1,C65-1G67 (United States Printing OfTire, 1930). 



754 


THE TELEGRAPH INDUSTRV 


between Ireland and France. Hence we have six routes to Europe, five 
of which are permanently automatically joined through to London or 
Liverpool, and one with Paris. 

In addition to this, we lease from the Western Union two out of 
five channels winch they have in their cables between New York and 
the Azores, these two channels being used for connection with similar 
channels in a cable belonging to the German Company between the 
Azores and Germany. 

The Commercial Pacific Cable Company owns and operates a cable 
starting at San Francisco and touching Honolulu, Midway Islands, 
Guam, Manila, and Shanghai, China, ^vith a spur hne from the island 
of Guam runmng up to the island of Bonin, where it connects with a 
Japanese Government cable to Tokio. 

The Postal Telegraph system, which since 1886 has been in the 
domestic telegraph business in the United States. 

The Mackay Radio & Telegraph Co, . . . . 

The situation in or about the year 1882 in the trans-Atlantic cable 
field was that there were four trans-Atlantic cable systems, namely, 
the Anglo-American Telegraph Compan}'' and the Direct United States 
Cable Co., both British companies; The French Cable Co., a French 
company; and the Western Union Telegraph Co., an American corn- 
pan}’. These companies had complete control of the cable field. 

These, companies had an arrangement providing for the maintenance 
of a 50-cent word rate across the Atlantic. There was considerable 
agitation against the companies on account of the high rate maintained 
and also the poor class of service. 

The original rate established on the opening of the first trans- 
Atlantic cable was $100 for 20 words. By successive reductions the-' 
rate was brought dovoi to 50 cents a word in ISSO. 

John W, Mackay, my father, and James Gordon Bennett, who was 
the owner of the New York Herald and who was probably the largest 
cable user of his time, joined hands to organize an American cable com- 
pany which would give cable service at lower rates. In September, 
1883, a co-partnership was formed between John W Mackay and 
James Gordon Bennett, which later, on December 12, 1883, resulted in 
the incorporation of the Commercial Cable Co., which was known as the 
Mackay-Bennett system. 

The Commercial Cable Co, immediately ordered the manufacture 
of two trans-Atlantic cables. These two cables were completed and 
opened for service in 1884. 

On completion of these cables the cable rate was reduced from 50 
cents to 40 cents a word. 

This soon resulted in reprisal on the part of the other cable com- 
panies, which, in an effort to force the Commercial Cable Co. into bank- 
ruptcy, reduced the cable rate from 40 cents to 12 cents a word. The 
Commercial Cable Co. thereupon reduced its rate from 40 cents to 25 
cents a word and appealed to the public for support on the ground that 
the 12 cent rate was a confiscatory rate and would not be maintamed by 
the other cable companies if they were successful in bringing the Com- 
mercial Cable Co. to its knees. 

The Commercial Cable Co received strong public support but on 
September 15, 1887, it also reduced the rate to 12 cents a word. This 
rate, however, being wholly unprofitable for all parties concerned, the 
rate was established at 25 cents a word in July, 1888, by all companies, 
after one of the most bitter fights on record. 

In the meantime, John W. IMackay decided to enter the landline 
telegraph field in competition with the Western Union in the United 
States. It was, however, a colossal task to attempt to build up a com- 
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prchonsivc lancihnc ^vsitcm throughout tho Uuitcd States because, a*; 
far back as 1881, the Western Union Telegraph Co., under the leadership 
of Jay Gould, had acquired control of all the Commercial telegraph 
lines in the United States and, through his hnancial power, had secured 
contracts for the Western Union with practically all of the important 
railroads. . . . 

Nevertheless?, the demand for competition and the growing require- 
ments of the public, the disjiosition to exploit new ?y-tem« of tran*?- 
mission, together with purely s])cculative cnte^pri^es, re^mlte(i in build- 
ing np between the years I8vSI, lSS-1, and 1SS5 a more extensive, diverse, 
and damaging competition than had ever before existed. The Mutual 
Union, the Amcriean Kapid, the Bunkers and Merchants, die Baltimore 
and Ohio, the Southern, the Board of Trade, the Pacific Mutual, and the 
original Fo'^tal were among the mod extensive and important of the 
corporation'? that were founed, and all were competinc with each other 
as well as witli the Western Union Co in the mo^t wasteful manner. 

In this almost chaotic condition of affairs of the telegraph. John W. 
Mackay came into the control of the property, bearing the Postal name, 
which had gone into liic hand^ of a receiver, and winch only owned a 
few hundred miles of scattering telegraph line.", practically ail land. 

The Posttd Co. immediately began to build telegraph hne^ and also 
purchase various lines (or companies) which had become insolvent, 
it began InwineS'^ with lines helnccn New York and Chicago, New 
York and Wadiington, Buflalo and Ihttsburgh, Chicago and St, Louis, 
find various other le.ss important lines. 

With the above lines as a nucleus tlio company wont alicnd and 
constructed various line.< and made various connect ingdine contracts 
and jmrclnscd the j)roj>erty and franchises of the Michigan Postal Tele- 
graph Co, and a line lietwecn Pittsburgh, Cincinnati, and Indianapolis 
and acquired, througli purelusc of stock, the line of the Pacific T^Iutinl 
Tclcgnipli ('o , the Board of Trade Telegraph Co , the Pacific Telegraph 
Co, ami \anouN other oompanus be5ido< building a great many lines 
it‘=elf m different parts of the counlr\'. . . . 

In tlie me.'intnno, the Postal Telegraph system was being rapidly 
built up throughout the United States and it '\\a« deemed advt-able for 
the Commercial Cable Co. to purchase Bis property and to secure its 
control for all time for the protection of tin* interest of tl'O Commercial 
Cable Co and the maintenance of it." po-ition m the Atlantic Cable 
service. Accordingly, on January the f>uumen'!'d Cable Co. 

acqnirc‘<l the stock and property of the various Postal l'»’l(’grap]i Co-, 
throughout the United States hy acquiring tlie 81 5,00), OCX) capital 
of the Po-tal Tekgraph Cable Co (New YorkL . . . 

On Max* 15, 1028, the Postal and Commercial systems merged with 
Ibo International Tcleidione and Telegrn]>h Corj'onition, which operateii 
telephone companies in a nnmher of fonign countries. 

On Januarx* .SO, 1910, Postal Telcgrafdi. Incorjmrnted. ^ycl< e-tahli^^hed 
a*? n company completely infb'pendent of the InteiTmtional Telephone and 
Telegraph, eonsuminating a reoiganiration of Pu^tul uiuler pioccctling-^ 
started June M. 1935^ under sretion T7B of the Bimkruptry Act. Ai the 
s.anic time. tlir<e companies were fonm'd. t]>e AH AnaxBc:; 
and the Commercial ?vlci('kay Coiporatiiun lo take nM*r the it^ternat'orml 
lelegrapb ,"y"ten\ of the Inten^nBnmd Te!e]>!,oT»e and T»'!cr.rap^n tvud fie 
Auierie<m C'.ahle am! Undio to hold )he equity of the Lr-t 

Iv.o. Frank W. Phehn wu" ebeOd pre-uh n* of nli ihta . atid I!d'-un T. 
Cbiulund beranie the prouSent of the new Ponal Telct^aph. Incorpomt^ d 
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Size of the industry. The size of the telegraph industry was indi- 
cated by a report of the Federal Communications Commission entitled, 
Selected Financial and Operating Data jrom Annual Reports of Tele-^ 
graph, Cable anri Radiotelegraph Carriers, year ended December SI, 1938, 
This report shows a total investment in plant and equipment of $537,- 
000,000, and an aggregate capital stock of the industr}^ of $165,000,000. 
The telegraph, cable, and radio operating revenues of these companies 
is given as $133,000,000. The total wire mileage for the industry is re- 
ported as 2,400,000 miles and the number of persons employed as 65,000. 
The number of telegrams sent in the United States in 1912, which was 
106,533,000, has more than doubled since that time. 

Important legislation affecting the industry. The Post Roads Act of 
1866 gave to any telegraph company the right to construct, maintain, and 
operate telegraph lines through any portion of the public domain of the 
United States and over and along any of the country's military or post 
roads. It also gave the postmaster general the power to fix the rates 
which the telegraph companies would be permitted to charge for United 
States Government messages. 

In 1910, the jurisdiction of the Interstate Commerce Commission was 
xvidened to include the telegraph, telephone, and other companies, and the 
companies in question were required to make regular reports to the Fed- 
eral body concerning their operations. 

The Kellogg Act, to prevent the unauthorized landing of submarine 
cables in the United States, was enacted by Congress in 1921. This bill 
gave the United States Government authority to deny the landing of new 
cables connecting this country with foreign lands. 

Tlie TTebb-Pomerene Act of 1918 permits combinations of persons in 
the United States for the purpose of selling American goods abroad. 
However, the Radio Act of 1927 excludes the radio from the list, expressly 
prohibiting the purchase, lease, construction, or control of any wire tele- 
graph or telephone line or system hy a radio company or vice versa, the 
purpose of which would be to lessen or restrain competition in the busi- 
ness of transmitting messages. This act reads in part: 

All the laws of the United States relating to unlawful restraints and 
monopolies and to combinations, contracts, or agreements in xestraint 
of trade are hereby declared to be applicable ... to interstate or for- 
eign radio communications. 

The Radio Act also created the Federal Radio Commission, with broad 
powers as regards the issuance of licenses and the establishment and 
regulation of radio facilities. 

The Communications Act of 1934 established the Federal Communica- 
tions Commission as a Governmental regulatory body wnth jurisdiction 
over all methods of rapid communications and witli the powers and duties 
over communications formerly in the hands of the Interstate Commerce 
Commission, the Federal Radio Commission, the postmaster general, and 
others. The provisions of the act generally were taken from the Inter- 
state Commerce Act, the Radio Act, and other laws previously relating to 
communications. 
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Economic SigniFicance of the Industry to Our Present 
industrial Development 

The vital relationship between the telegram and business. The 
great majority of telegrams and cablegrams are sent for business purposes. 
Driven by the lash of competition, business must perforce move faster and 
faster, or else fall behind in the race. Negotiations must be conducted 
rapidly, decisions arrived 'at quickly, and transactions across the conti- 
nent closed on the moment Time is the most valuable commodity in 
business life, and telegrams and cablegrams are the greatest conservers of 
time in business transactions. The telegraph is, in fact, the nerve system 
of the business life of the nation. 

No large and progressive business in the nation today fails to consider 
the use of either telegrams or cablegrams, or both, as one of its chief 
assets. The organization of large companies often includes a telegraph 
bureau, while smaller firms work in close cooperation with the nearest 
telegraph office. The very structure of business in America is built upon 
the communications offered by the mails, the telephone, and the tele- 
graph — and not least important of these is the telegraph. 

The telegraph has exerted a strong influence in the development of 
American industries. The effects may be seen in our business organiza- 
tions, in decentralized management and production, in the establishment 
of warehouse and factory branches, in telegraphic direction of sales 
forces, in low inventories of stock replenished quickly by telegraphic 
orders, and in organization setups dependent for their workability upon 
fast interchange of orders and reports. A familiar illustration of this 
trend is the establishment of executive headquarters of companies in large 
cities, while factories, branches, sales agencies, and retail outlets may be 
scattered over the entire country. Consider the development of railroad 
transportation, with telegraph lines along the rights of way, or the air- 
transport companies, or the bus and motor-freight companies, requiring 
coordination of activities at widely separated points. On every hand 
there is evidence of the vital part the telegraph plays in business. 

Recently an American firm sold a large order of road-building ap- 
paratus to a company in equatorial Africa. How? Four Western 
Union cablegrams were sent to follow up their printed matter. At the 
telegraph company headquarters are literally thousands of letters from 
patrons who were so impressed with the efficacy of telegrams and cable- 
grams in various uses that they expressed appreciation in writing, many 
indicating amazement at results. 

Telegrams denote urgency. They always get there, are opened first, 
and are read. They are the red flag of correspondence and demand 
attention. For that reason, firms having propositions to make or points 
they wish to emphasize have found that it pays to telegraph. If a 
company president wishes to impress his sales force with a special mes- 
sage, he wires it to the field. A hatter wires prospective customers of a 
special sale. An automobile dealer speeds sales by telegraphing pros- 
pects that he has a new model, urging them to see it. In such cases, the 
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telegraph company is given one message and a list of names and ad- 
dresses. Such large distributions are knovm as '^boolcs” of messages, 
costing, for local delivery. 20 cents for each 10-word telegram or for the 
first 50 words of an overnight telegram. (There arc quantity discounts 
ranging from 10 to 50 per cent on local overnight telegrams of the same 
text.) And so it goes in every active line of business. 

Companies take pride in the variety of their uses of the telegraph, for 
those uses are proof of the efficiency and moderancss of their methods. 
They check the 31 major uses of telegrams, which have become well- 
knovTi in the commercial world. The list follows: 

1. Acknowledging first orders. 

2. Telegraphing for credit information. 

3. Expediting shipments. 

4. Acknowledging complaints, ^ 

5. Price and style changes. 

6. Announcing new enterprises. 

7. Aids in meeting competition. 

8. Pa\'ing the way for salesmen. 

Imitation to buyers. 

10. PcTO-ing inactive accounts by telegraph. 

11. Use of telegraph between salesmen’s calls. 

12. Encouraging purchase of additional items. 

13. Use of overprinted blanks. 

14. Supplementing advertising by telegraph, 

15. Encouraging salesrnen. 

16. Instructions to branches and salesmen. 

17. Stimulating sales campaigns. 

18. Special sales. 

19. Daily sales reports. 

20. Quoting prices by telegraph. 

21. Salesmen’s ordeis b}’- telegraph. 

22. Answering inquiries. 

23. Tracing orders or shipments. 

24. Telegraphing shipping dates of orders. 

25. Daily production reports. 

26. Kequesting replies to unansv’ered letters. 

27. Accepting offers. 

28. Requesting prices. 

29. Replenishing stocks. 

30. Aloney orders to salesmen. 

31. Collection of accounts. 

There are so many ways in which telegrams and cablegrams are used 
by enterprising business concerns that a chapter could be devoted to this 
subject alone. 

Commercial development of telegraph business. The fact that the 
telegraph has become such an indispensable part of the business and 
social life of America is not a matter of chance. It is the result of 
many years of promotional work on the part of the telegraph com- 
panies. The telegraph, at its inception, was regarded by administrative 
officials and the public as an instrumentaiit}^ for bridging distance in 
emergencies, and this concept lasted for a smprising length of time. 
While a small bid for nonemergency use wa§ e^rly made by offering 
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an overnight service Icnown as “night messages*’ at reduced rates, this 
service was used only to a very limited extent, and it was not until the 
advent of the night letter in 1910 and the day letter in 1911 that the tele- 
graph began to take its proper place as an instrument of efficiency in the 
conduct of modern business. 

From the standpoint of the telegraph companies, too many business- 
men are still prone to rely on the physical transportation of their non- 
urgent communications; nevertheless, no inconsiderable part of the 
present large volume of telegraphic communications originates with 
patrons who recognize the peculiar attention-compelling properties of a 
telegram, the importance of short cuts, and the reduction of the time ele- 
ment in their correspondence. 

The “magnificent distances” which separate places of commercial and 
social importance in the United States and which are not encountered in 
any other country of equal development undoubtedly represent another 
factor in the phenomenal growth of this traffic, but the outstanding ele- 
ment is the high standard of service that has been established and the 
indefatigable manner in which the private companies conducting the 
business have kept the utility of the telegraph before the public. 

In all other countries, the domestic telegraphs are administered by 
the government, and the officials in charge take the business offered and 
are satisfied if the service is such that there is no general complaint or 
criticism. In this country, the present-day telegraph managers do not 
wait for the public to sense its need for quick communications but, by 
every method their ingenuity can devise, urge the advantages of a liberal 
use of the telegraph in the efficient conduct of business. They strive 
continually to adapt the service to the needs of particular industries or 
businesses, and various classifications of service have been evolved, with 
prices more or less suited to every purse. 

Probably the best illustration of the effectiveness of these methods in 
the stimulation of traffic is found in the enormous business done during 
the Christmas holidays. Originally a day of few messages, because of 
the general suspension of business, Christmas has become the peak day 
of the year. The greetings are delivered on special blanks of a decora- 
tive character. Similar blanks suited to the occasion are used on all 
other special days throughout the year. Abroad, in the few countries 
that have a so-called “de luxe” scr\’ice corresponding to our special 
services, a substantial extra sum is charged. On the contraiy, in Amer- 
ica, special rates, as low as 25 cents, are offered for greeting telegrams. 
These special days, which include Easter, Thanksgiving, Mother's Day, 
and others, are occasions for sending millions of greeting telegrams each 
3^car. 

For the purpose of enabling tlie public to send telegrams with the same 
clarity of meaning and as freely, easily, and fluently as any other form 
of communication, punctuation marks are included free when tlicy are 
used in the text of telegrams to points in the United States. Also tele- 
grams written in paragraphs are delivered in paragraphs, without any 
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extra charge. Figure^; arc counted and charged for one word for 
every five ligmc'^ or fraction of five figinc.H. 

As n result of the nKuiern inten^ivo conunereia! devrloj)mC‘nt of tele- 
graph hu'^iness in the Tnited StaU't and the rt'^poine of the American 
public, the indiinlry in this country has grov/n on a ^cale out of all com- 
pari^-on with that of any other country* during tin* pn^i tluee decade^?. 
At the heginning of that jicriod, DO per cent of the traffic was handled by 
manual Morse operation. At the present time, (*•} per cent handled 
by nufomatic apparatus. Tlumigh tlie installation of electrical repeat- 
ers, the relaying of messages has i)ccn gn‘atly reduced, ami Xew York 
and all other jirincipal citi(‘s now exchange rnew^-uges directly with each 
other. 

0\\‘ing to the^e changes and to improvements in operating practices, 
the average delay of nhout -10 mimiles bt tween Xcw York and Chicago 
in the earlier period ha« been reduced to sliglitly above 3 minutes, while 
many messages are liamllcd between these and other large cities within I 
minute. Since 1914, more than 300,000,000 manual handlings annually 
liave been eliminated by the establislunent of direct circuits. 

One of (he greatest improvements been in the continuity or cer- 
tainty of service. The maintenance and arrangement of the major 
telegraph system is such that an intcrruj)tion of service to or from an 
important point rarely occurs. Western TJnionV line-gang forces, the 
shock troops of man's battle to maintain uninterrupted communications 
in spite of all emergencies, number more tlian 1,000 men, not counting 
hundreds of section linemen who handle minor rejiair work. When floods 
sweep aw‘ay homes, railroad tracks, and telegraph lines, wlien blizzards 
break ice-laden wires, when gales, hurricanes, and tornadoes .‘•nap tele- 
graph poles and scatter w'reckagc, these men, in 100-line gauge, move to 
the front in their special trains, or liomc^^ on wliecls, equipped to string 
up emergency lines and refelablish contact witli iho outside world, to 
facilitate rescue and the transmission of news. Tlicy then rebuild the 
telegraph lines, restoring coinnnmication while cvciwdhing around them 
is still in ruins. 

Despite the cost of these improvements, there has been no increase 
in telegraph rates beyond a 20 per cent increase ordered b}" the post- 
master general in 1919 during Government wartime operation. Trans- 
oceanic cable rates are now' so low' that a cablegram from New^ York to 
London costs 20 cents a w'ord, and a cable night letter of 25 w'ords may 
be sent for $1.67. 

Comparison of British and United States rates. In Great Britain, 
wdicrc the government operates the telegraph at an annual deficit of 
several million dollars, the cost of sendee is comparatively high consider- 
ing the small area sensed, w'hich is less than half that of the State ;Of 
Texas. A message can travel a maximum distance of only about 400 
miles in Great Britain, but whether it travels 400 miles or only 1 mile, 
the charge is 24 cents for 12 words, including a full count of words for 
the addressee's name, the address, and the signature, wdiich of themselves 
usually require about 12 w^ords and are handled free in the United States. 
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A special charge is made for messages delivered on Sunday, Good Fri- 
day, and Christmas, and for all messages delivered beyond a certain 
limited distance from the nearest office. In the United States, no extra 
charge is made for delivery at any time at any distance within city limits. 

Full-rate telegrams between New York and San Francisco cost S1.20 
for ten words^ with the address and signature free. A message traveling 
a similar distance by land line from London to, say, Bagdad costs 41 cents 
a word, with all words in the address and the signature counted. The 
number of telegrams booked in Great Britain has ranged from 47,400,000 
in 1926*-1927, and 56,479,000 in 1929-1930, to about 50,000,000 in 1936- 
1937, as compared with the increase from about 100,000,000 to more 
than 200,000,000 in the United States in the same period of time. Be- 
cause of the unsatisfactory state of the telegraph service in Great Britain, 
a committee of experts was sent to the United States in 1928 to study the 
American system. Germany and Japan, also -suffering from the inef- 
ficiency of government operation, sent experts to study American tele- 
graph practices. 


The Telegraph System of Today 

How telegrams are sent and received. The average person's knowl- 
edge of telegraphy ends at the counter of the telegraph office, or, if it 
gohs farther, erroneously defines telegraphy in terms of dots and dashes 
from the old-type Morse key and sounder, such as are still seen in many 
small railroad-station offices. 

The fact that a telegram can reach a distant city and be read by the 
addressee in a few minutes is made possible only by a highly efficient 
organization and the maintenance of a great system of offices and wire 
circuits connecting every city and town in the nation. The operating 
equipment is concentrated at certain points, which are known as “main 
offices.” These offices, acting as clearing houses for the surrounding areas, 
receive all telegrams from their areas and transmit them to their desti- 
nations. 

Often the telegram is handed to a messenger, who responds to the 
signal from one of the half -million telegraph company call boxes in the 
offices of business patrons. Whei'e there is a teleprinter in the busi- 
ness office, the telegram is not handed to a messenger but is given to 
the teleprinter operator, who, by the simple act of typing it on a type- 
writerlike keyboard, transmits the telegram to the nearest telegraph 
main office. From the home or business office, the message can be tele- 
phoned to Western Union. The act of dialing a designated number or 
of saying no more than the words “Western Union” to the operator 
automatically connects the sender with an experienced operator in the 
main telegraph office, who records the telegram on a noiseless typewriter 
exactly as it is dictated. The superrobot which automatically receives 
and distributes the calls of patrons to the 'recording operators at New 
Y’ork City is one of the remarkable inventions of recent years 

It is interesting to follow the course of a telegram filed at a branch 
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office or handed to a incs‘-cngor. Tlie receiving clerk timc-j-tamps it 
with an automatic device, tlicn notc.^ if tlic nu'^Fage ik marked for a 
definite service, founts the words, and rollecls the fee. The telegram 
then di5j)atche(i to tijc main office by wire or in a conveyor shooting 
at high speed through a pneumatic tube under the city streets^ 

Upon arrival at the main office, the telegram is immcfnately carried 
by a moving belt to the distributing center in tlic oprraiiug room, where 
deft fingers place it -on another belt which flariics it across the room to fin 
operator ‘^vorking" a wire to the city of dcstinatiom If the opeiating 
position connected with that city is on another floor, tlu* mc‘'^nge travels 
by tube or fast conveyor belt to that floor; or, in large operating rooms, 
if tlic telegram falls within certain classifications, it is taken fjuickly to 
the operator by one of the girls who skim here and there on roller skates. 

Upon being handed to llic operator, the message as transmitted vriih 
lightning <pced by teleprinter, multiplex, or, occasionally, by Morse teleg- 
raphy, to be translated automatically into word<^ on paper again at the 
office of destination. If the destination is a city, the message v/ill arrive 
at the main office and from there be sent hy tolcjirinter or pneumatic 
tube to tlic branch office, where it will be inserted in an envelope and 
delivered to the addressee. 

Telegraph and cable services. With the types of telegraph and cable 
scrxicc in use for years, the public is more or less familiar — the full-rate 
telegram, day letter, oveniiglit telegram, full-rate cablegram, dcfeifed 
(half-rate) cablegram, cable night letter, urgent service, code cablegram, 
and code urgent. 

Overnight telegrams, formerly called ^blight letters/' represent an over- 
night service for which the maximum charge for the first 25 words is 50 
cents, even for the greatest distance^ in the United States. The rates for 
additional groups of 5 words decrease progressively as the length of the 
message increases. Quantity discounts are allowed for local overnight 
telegrams of identical text sent to a number of addressees in the same 
city. This service makes it possible for lengthy correspondence to be 
sent by telegraph at low cost. 

Tourate telegrams are used travelers to let the people back lionic 
know of their progress of their trips. The}’’ can be sent to any Western 
Union point in the United States at a cost of only 35 cents for the first 
15 words. 

For the convenience of patrons who have occasion to carr\^ on intermit- 
tent communication with any one addressee during the coun^c of a day, 
however. Western Union inaugurated the Serial Service Serials ma^' be 
filed in sections during the day for transmission. The minimum charge 
per day is for 50 words, and indhndual sections filed arc rated at a 
minimum of 15 words. 

Timed wire service. Timed wire sendee is available to all who have 
automatic telegraph printers. It is a sendee by which tlie facilities of 
the telegraph company are placed at the customer’s disposal on a time 
basis. 

The charge is based on the time consumed by the sender in transmit- 
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ting the message to the telegraph company's operating room and on the 
distance to the point of destination. The imniraimi charge is for a period 
of 3 minutes and is twice the amount charged for a 10-word full-rate 
telegram between the same points. The charge for each additional min- 
ute or fraction of a minute in excess of 2 minutes is one third of the 
charge for the initial 3-minute period. 

Timed wire service provides for the use of telegraph facilities for a 
period long enough to telegraph at length. It carries the full force of 
the dictator's expressions. His thoughts can be elaborated and the sense 
clarified. He is freed from the feeling that he must keep his message 
down to 10 or 50 words. 

This service is most economical; approximately 100 words can be dis- 
patched for the price of two 10-word telegrams. 

Other important services. Besides the handling of telegrams and 
cablegrams, Western Union provides many other important services, a 
number of which are exclusive with the company. The international 
radio and ship-to-shore messages accepted and delivered by Western 
Union, through arrangements with R.C.A. Communications, Incorpo- 
rated, and the Radiomarine Corporation, will be discussed in a separate 
chapter. 

Comvietcial news department Transactions in stocks, bonds, and 
commodities estimated at more than §90,000,000,000 were recorded and 
distributed in 1930 over the 28 separate ticker systems operated by tlie 
Western Union. This sum, it is estimated, is approximately equal to the 
total sum of money spent last year by everj^ man, woman, and child in 
the nation. 

Most of these 28 ticker systems report transactions on the principal 
stock and commodity exchanges on thousands of tickers, located in all 
cities and numerous smaller places. Trading in stocks, bonds, and com- 
modities reported on the tickers totals manj" billions of dollars each year. 

Aside from the New York Stock and Curb exchanges, with their stock 
and bond ticker systems, others of the 28 ticker systems are; the Balti- 
more Stock Exchange, the Chicago Board of Trade (handling grain, pro- 
visions, securities, cotton, and so^^bcans), the Chicago J^Iercantilc Ex- 
change thandling butter, eggs, and hides) , the Chicago Stock Exchange, 
the Detroit Stock Exchange, the Duluth Board of Trade (handling grain), 
the Kansas City Board of Trade (handling grain) , the Los Angeles Stock 
Exchange, the Marine News of the Port of New York, the ^linneapolis 
Chamber of Commerce (handling grain), the New Orleans Cotton Ex- 
change, the New York Cotton Exchange (handling cotton and wool), the 
New York Cocoa Exchange, the New York Coffee-Sugar Exchange, the 
Commodity Exchange of New York (handling silk, rubber, hides, copper, 
lead, tin, and zinc) , the New York Produce Exchange (handling cotton- 
seed oil, tallow, and pepper) , the Philadelphia Stock Exchange, the Sim 
Francisco Stock Exchange, the Toronto Stock Exchange, the Winnipeg 
Grain Exchange, and various combinations of service of the above ex- 
changes, as well as baseball-sports tickers carr>dng reports of practically 
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all organized baseball leagues and of football, hockey, basketball, and 
other sports. 

The above list does not include a score of commodity and exchange 
reports furnished by Western Union to subscribers by means other than 
tickers. These reports include, in addition to stocks and commodities, 
information on such commodities as flax, rice, poultry, potatoes, live- 
stock, cabbage, celery, cheese, naval stores, and citrus fruits, as well 
as regular reports sent to and from exchanges and markets in all parts 
of the world 

The Commercial News Department, in charge of all of these ticker 
and commercial reporting systems, transmits from the Western Union 
headquarters, at 60 Hudson Street, New York City, the majority of the 
quotations of the nation’s business, ^’’et the scene is one of perfect order 
and precision. 

Time service. Throughout the day, Americans are timed by the 
Western Union network, which has provided the nation with standard 
time for over 50 years, whether the time is obtained by radio or telephone 
or at office, factor^', store, theater, or school. 

'^Click, click! Click, click!” dail}" chorus special telegraph instruments 
in Western Union offices in tovms and cities throughout the nation for 
3 minutes at noon, in perfect measure with the tick of the sccondhands 
of the precision clocks maintained by the United States Naval Obser^’’a- 
tory at Washington^ D. C. Finally, the instruments are silent for 10 sec- 
onds' before noon, then click the instant of 12 o’clock, Eastern Standard 
Time. 

In over 2,000 places, the local master clocks are simultaneously 
checked and finely regulated with these clicks or time beats. The 
master clocks, in turn, automatically send hourly synchronizing signals 
to each Western Union self-winding clock in local subscribers’ premises, 
thereby assuring time accuracy 24 hours per day. Regardless of any 
slight drift from current time, either fast or slow, all subscribers’ clocks 
receive the correcting signal each hour. These master clocks in many 
large cities are equipped with contacts in order constantly to transmit 
second beats over special wires to jewelers and watch repairers for use 
in regulating the rate of watches. Thousands of these clocks pro\idG 
railroads, subways, and other transportation systems with operating 
time. It is a subject for conjecture, however, wiiether tlie time of more 
millions is regulated by these clocks or by time announcements from 
several hundred radio stations that announce from the Western Union 
clocks in their studios. 

How is this time obtained? The earth itself is the fundamental clock, 
rotating once a day on its axis, but astronomers say the rotation is 
slowing down, owing to friction of the tides, and that the days are 
sfcadil}” becoming longer Furthermore, the earth is running irregularly, 
us indicated by shifts in our views of the moon. This is said to be due 
to expansions or contractions of the vhole earth or to shifts in the 
inner strata. 

Because of these irregularitie.': of the earth, earth time is not correct, 
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and the error is calculated by observations of the time when certain 
stars reach a point due north or south or when the moon passes before 
stars and permits comparison with the spot it should have occupied at a 
given time. These corrections are made on the United States Naval 
Observatory transmission clock prior to its sending the noon time beats, 
which the Western Union network distributes to the nation. 

A vital role in this distribution of time in the New York metropolitan 
area is played by two great master clocks and other apparatus in a 
vault beneath the Western Union headquarters building in New York 
City. The two clocks arc mounted on massive concrete pillars, but the 
four legs of each ^Toat'^ on concealed springs, wdiich absorb any tremors 
of the earth. Each of the pendulums contains 30 pounds of mercury. 

The temperature of the vault is automatically controlled. It is rarely 
necessary to open the vault doors and disturb the air within or to open 
the clocks, because the clocks are kept in perfect synchronization with 
the time of the United States Naval Obser^^atory by a remote-control 
system. On an upper floor of the building, the beat of the seconds by 
these clocks and by those in the Naval Obseiwatory at Washington are 
recorded, side by side, on a moving tape by a chronometer. The 
slightest deviation from the Naval Observatory time is immediatelj' 
corrected. The synchronizing impulse may go to fire or police head- 
quarters, to the sidewalk or store-window clock, or to the factory, or it 
may sound the gongs at the local school ; but practically evei^^where we 
go and whatever we do, we may be sure of finding at our elbow Western 
Union time, identical to the instant with that at every other point in 
the country. 

An important feature is a device which automatically flashes a signal 
each hour simultaneously over a large number of circuits controlling 
thousands of clocks. Another feature is a machine which automatically 
tests each of these circuits and prints on a tape the identifying number 
of any circuit requiring attention. 

Money orders and gift orders. To meet the insistent demand of an 
occasional patron to have money paid quickly at a distant point, the 
Western Union, in October, 1870, inaugurated a service of transferring 
money by telegraph. 

The cost was high, and orders were confined to extreme emergencies. 
After 30 years, less than $4,000,000 was transferred each year in less 
than 100,000 orders. The record of the next 30 years portrays the 
sentiment of the public in availing themselves of this service to speed 
up business. With a reduction in rates, there was a gradual and almost 
uniform increase from year to year until the Eirst World War, when 
millions of Americans were concentrated in camps and sent overseas. 
Then fathers and mothers, filled with anxiety for the comfort of their 
absent ones and knowing that money in hand was always welcome, began 
to make a rapidly increasing use of Western Union telegraphic money 
orders in every city, town, and village. There was a deluge of these 
money orders, and the greatest credit is clue Army officers for their 
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cooperation, both at home and abroad, in finding those to ^hom the 
orders were addressed, scattered over two continents. 

After that came the postwar expansion and deflation, but tlic public 
had become familiar with the service and it continued to gi'ow. During 
1929, it was about double the great war business, and $275,000,000 were 
transferred in 4,500,000 orders. This volume comprised about 93 per 
cent of the nation's telegraphic money orders. During the subsequent 
decade, the volxmie of telegraphic orders was affected by the trend of 
business conditions, but successive increases over several years indicate 
that the current 1941 volume will be more than 93 per cent of the 192& 
all-time high figures. 

The gift order was offered to the public November 1, 1928, as "an 
addition to the regular money-order service, although it had been offered 
in holiday seasons for 2 5"cars prior to that time. It is actually a 
special check which will be accepted at any store when the recipient buys 
the gift he or she most desires. Because the average gift rarely fills a 
need of the recipient and often duplicates a gift alreadt^ received, recipi- 
ents eveiywhere are enthusiastic in their praise. The gift order merits 
its name, ^Hhe perfect gift.” The gift order, together with an attractively 
decorated card bearing the name of the sender and a suitable telegram 
at no extra cost, is delivered in a special envelope in keeping \vith the 
spirit of the gift. 

'Western Union also offers a shopping seivdce which enables patrons 
to have telegraph offices at any of 3,000 points complete the purchase 
and delivery of certain commodities. The articles most frequently 
telegraphed are cand}^, books, flowers, fruit, and cigars; theater, railroad, 
and steamship tickets; reservations for football and baseball games; and 
many otlier items that are sent every day for gift or business puiposes. 

American Express money orders aiid travelers’ cheques. To meet 
public demand for a money order to be mailed or sent hy rnethods otlier 
than the telegraph, the American "Express Company and Western Union, 
in 1931, inaugurated such a sertuce on a nation-wide scale. Western 
Union main and branch offices began the sale of the mone}’ orders, and 
American Express Company offices began accepting Western Union 
telegrams, cablegrams, and telegraphic money orders. Later, Western 
Union began the sale of American Express Travelers^ Cheques. 

Messenger-errand service. Realization by businessmen in recent years 
that fast special-delivery sendee is available anywhere at a moment^s 
notice by an army of 15,000 Western Union messengers has resulted in 
a rapid grovdh of this tjqie of business. 

Retail stores in New York City alone use this messenger-errand sen^- 
ice each year for the deliveiy of hundreds of tliousands of articles, often 
after their regular deliveries have been sent out and patrons wish articles 
delivered in a hu^]:y^ Islost of the Fifth Avenue stores use this sendee. 
Energetic sales managers have seized upon the idea as a business-getter 
and have advertised speedy deliveries, and other stores have adopted it 
for its novelty, economy, and good-wdll-building values. 

ilanufacturers and wholesalers have shown the greatest increase in 
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their demands for this type of service. By studying their delivery sys- 
tems, they discovered thej^ were maintaining large fleets of trucks and 
messengers that spent many idle hours on the average day and yet were 
inadequate on hea%’y days. Silk and dress manufacturers were among 
the largest users, one company even advertising delivery to any firm in 
the garment center within 20 minutes of receipt of an order. 

Manufacturers desiring to distribute catalogues, samples, or introduc- 
tory packages of products to persons or stores in cities and towns through- 
out the country have found that this service offers a great saving. These 
deliveries are often accompanied by sales telegrams. Cigar manu- 
facturers, advertising agencies, dealers in blueprints and photostats, bond 
and financial houses, and florists are also among the large users. 

At the request of the public, Western Union messengers pick up pack- 
ages weighing less than 20 pounds for shipment by rail or air express 
through the Railway Express Agency. The messenger-service charge is 
paid by the Railway Express Agency 

Messengers are also called upon for an endless variety of personal 
errands, ranging all the way from taking a child to the movies to feeding 
pigeons in the park. 

Air reservations. For the convenience of the public, practically all 
air lines in the United States have made arrangements with the telegraph 
companies providing for free reservation service. All anyone wishing 
to travel by air has to do in order to obtain information regarding air 
routes and schedules and to resezwe a seat is to telephone or visit the 
nearest telegraph office, and the service will be given without charge to 
the traveler. This arrangement, by which the air-transport companies 
have made their services readily available to the public, has aided the 
growth of air travel. 

Telercgxster The Teleregister Corporation, a subsidiary of Western < 
Union engaged in supplying centrally operated quotation-board service 
to stockbrokers, is steadily extending its system to the principal cities 
of the nation. With Western Union^s installation of high-speed stock 
tickers on its New York Stock Exchange quotation system, the old- 
fashioned boards, on which boys chalked up stock quotations, became 
hopelessly slow on days when the market was active The demand for 
the fast, automatic teleregister board increased correspondingly, 

American District Telegraph Company. The American District 
Telegraph Company, another affiliate of Western Union, which provides 
fire, burglar, and other protection throughout the countr}% is not in the 
communications field and therefore will not be included in this study. 


Internal Organization of a Telegraph Company 

Western Union's organization is divided into six departments — ^plant, 
traffic, commercial, engineering, public relations and contracts, and ac- 
counting — each headed by a vice-president. The plant department con- 
structs, reconstructs, and maintains tlie outside plant and installs equip- 
ment. The traffic depailment assigns the circuits to be used for the 
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transmission of messages and has charge of the actual operation in the 
operating rooms of the larger offices. The commercial department has 
charge of the sale of services, the management of the offices, and local 
accounting; and operates the branch offices, messenger service, and 
smaller offices in their entirety. The engineering department controls 
research .and design. The accounting department has general super- 
vision of accounting and audits. 

The United States is divided into six major geographical divisions — 
Metropolitan, Eastern, Southern, Lake, Gulf, and Pacific. Each depart- 
ment, except the engineering and the public relations and contracts de- 
partments, has its own divisional organization. In each division, there 
is a divisional plant superintendent, a divisional traffic superintendent, a 
general manager in charge of the commercial department, and a divi- 
sional auditor, each reporting to the vice-president of his department in 
New York City. Eor commercial-department purposes, the divisions 
are subdivided into districts, usually including one city, or following 
state lines and headed by superintendents. The superintendents direct 
the work of all managers and other commercial employees in their terri- 
tories. 

The departmental vice-presidents are responsible for the functions 
of their departments in respect to the cables as well as the land lines, 
with the exception that the responsibility for repair and maintenance of 
cables by the fleet of Western Union cable-repair ships is supervised by 
the vice-president in charge of engineering. General supervision of cable 
administrative matters for the world is in the hands of the first 
vice-president. 

On the European side, there is a general manager in London and 
another in Paris in charge of cable service in assigned areas. The 
organizations of these general managers correspond with those of the 
divisional general managers in the United States. The London organiza- 
tion is also responsible for Western Union business in the various offices 
in the other European countries. There are also European plant, traffic, 
and accounting forces similar to those in the United States, all 
coordinating their work. 

Western Union Cable System 

In 1882, Western Union entered the cable business by leasing from 
the American Telegraph and Cable Company two transatlantic cables 
which that company had laid between Penzance, England, and Canso, 
Nova Scotia, with land-wire connections between Canso and New York. 
The lease, extending for 50 years, would have expired in 1932, but West- 
ern Union purchased the cable company in 1930 and thus acquired the 
cables. 

In 1911, Western Union leased from the Anglo-American Cable Com- 
pany (British) its Atlantic system of five cables and subsequently laid 
three loaded or permalloy cables, one to England and two to the ii^ores, 
making ten in all, which, with cables to Cuba and one to Barbados. 
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connecting there to South America through the Western Telegraph 
Company, constitute the main arteries of the Western Union cable 
system. The company’s cables to the Azores connect with those of the 
German Cable Company and the Italian Cable Company, thereby 
providing direct connections with Germany and Italy. 

In 1926, the company acquired a controlling interest in the Mexican 
Telegraph Company, which owns and operates two submarine gulf 
cables between the United States and Mexico and several connecting 
land lines into Mexico City, For the care of all cables, the company 
has built two ocean-going cable ships, the Lord Kelvin and Cyrus Field, 

Improvement in design of cables. From 1866, when the first suc- 
cessful transatlantic cable was laid, until 1924, no material change in 
the design of ocean cables had been made. In general, they differed 
onl)’’ in size and weight. Western Union inaugurated a new era in cable 
histoiy by the use of a revolutionary and brilliant development in the 
laboratories of the American Telephone and Telegraph Company. In 
1924, a cable of this new type was laid between New York and Ilorta, 
in the Azores, in which the single copper conductor was wound with a 
wafer-thin ribbon of metal known as ^^pcrmalloy,” which, at a slightly 
higher cost, greatly increased the capacity for transmitting words. To 
utilize such large capacity requires that the cable be operated in a 
number of separate channels, each used as an individual unit; and since 
there were more circuits than were needed for the company’s use, two 
in this cable to Horta were leased to another company. 

Cables similar in design but embodying, in succession, still further 
improvements were laid between New York and Penzance, England, and 
between Newfoundland and Horta. Each of the three special alloy 
cables can transmit a total number of words equal to the combined 
capacities of the company’s seven cables of older design. Tiic cable 
between Newfoundland and Horta, while utilizing the new alloy, was 
designed by the engineers for simultaneous operation in both directions 
(duplex), and it has been so operated at a speed of 1,400 letters per 
minute each way, establishing the highest record thus far for any 
transoceanic cable. 

While the use of permalloy is open to all, thus far, Western Union 
alone of the transatlantic cable companies has laid cables of this unique 
design, and the economies in operation resulting from their use success- 
fully meet competition between North America, Great Britain, and 
Europe. 

How cables are sent and received. The average man’s idea of how 
cablegrams are sent and received is even more vague than his thoughts 
regarding the transmission of telegrams. The operator sending a cable- 
gram copies the message on a machine with a typewriter keyboard, just 
as a stenographer would, and the machine perforates a paper strip. 
The paper strip then passes through an automatic transmitter. The 
holes in the perforated paper correspond to the dots and dashes which 
arc transmitted directly from the tape into the cable. 

Almost instantly, the signals are recorded on a tape at the distant 
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end of the cable and appear in ink in the form of a line on a strip 
of paper w’hich passes slowly in front of the receiving operator. The 
operator deciphers this vravy line as easily as you can read this line of 
type and types 'the message on a standard cablegram blank. 

The machine which receives the signals from across the ocean and 
automatically marks a line on the tape is a siphon recorder. To make 
dashes, it dips below the center line; to make dots, it runs above the line. 
The siphon writing the signal is a hollow glass tube the size of a hair, 
operating as a pen and responsive to the electrical impulses received 
through the cable. As low as eight or ten volts will operate a cable 
across the Atlantic Ocean. 

Through engineering skill, the multiplex has been adapted to cable 
use. Now the newest Western Union cables are operated by automatic 
printers. Depressing a key at the sending end causes the transmission 
of impulses which automatically select the corresponding letter and 
print it at the receiving end. 


Western Union Organization Abroad 

The Western Union operates offices in 15 cities in Great Britain and 
Ireland and also conducts wire branch offices located in convenient sec- 
tions in London. There one finds a complete Western Union organiza- 
tion patterned after its organization in the United States, including the 
khaki-clad Western Union messengers. 

The corapan}^ has offices in Paris and Havre, ser^^ed by direct cable 
from New York, and in Antwerp and Brussels. It maintains its own 
office in Amsterdam. In Germany, it is associated with the Deutsch- 
Atlantische Telcgraphengesellschaft (DAT) , whose submarine cables join 
those of the Western Union at the Azores. Direct service is provided 
between New York and Emden. At that point, the DAT is provided 
with land-line wires to the principal industrial and manufacturing centers 
in Germany. In Italy, it is associated with the Italcable Company, 
whose system connects with Western Union at the Azores. The Italcable 
Company also maintains offices in the principal cities in Italy. 

Western Union operates a' combination of land-line and submarine 
cables to Havana, where the companj^’s staff is housed in its own build- 
ing. Direct ser^dee from New York, through Havana, is established 
with Santiago. Cuba, Kingston, Jamaica, and San Juan, Puerto Rico. 

The company operates land-line submarine service from New York 
to Bridgetovn, Barbados, where a through connection is had with the 
Western Telegraph Company, serving all countries on the South American 
continent. 

The company's submarine cable system totals 30,312 nautical miles. 
It controls and operates the ^Mexican Telegraph Company, whose systems 
extend from Galveston, Texas, through the Gulf of Mexico, ser^dng 
Tampico, Ycra^Cruz, ^^lexico City, and Salina Cruz on the West Coast. 
In Canada, the company has contractual relations with the Canadian 
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National Telegraphs by which that company originates and terminates 
traffic for the Western Union system. 

The Association of Radio, Cables, and Land Lines 

Consideration of radio is not within the scope of this work, but recent 
developments in the coordination of international radio channels, cables, 
and land lines make a brief review neccssaiy, 

A. for the, eohYd\wa.tl<aw the Isiwd hnes awd 

radio, calculated to strengthen greatly the lines of quick communication 
between the United States and 30 other nations, was announced Sep- 
tember 22, 1931 , by the Western Union Telegraph Company and R.C.A. 
Communications, Incorporated. 

Through this arrangement, R.C.A. Communications has gained the 
use of terminal facilities for the collection and distribution of its traffic 
which it had lacked, and AVestern Union has gained in having available 
R.C.A. radio circuits to 30 countries in Europe, Africa, Central and 
South America, and the AA^cst Indies to augment its cables in handling 
the vast traffic for those regions whicli it collects through its 25,000 
offices 

The arrangement is limited to a working agreement and involves no 
unification of properties or personnel of the two companies, which retain 
their competitive status where the two services overlap. It is similar 
to the arrangements which have existed for many years between the 
AA^estern Union and R.C.A. Communications, Incorporated, covering the 
delivery and pickup of trans-Pacific traffic, and with the Radiomnrme 
Corporation of America, another R.C A. subsidary, for the land collection 
and delivery of messages to and from ships at sea. All incoming mes- 
sages over the Radio Corporation's vast network of wireless circuits arc 
now turned over to Western Union for delivery, except at those points 
served by the Radio own offiees. Those points are New 

York, Boston, AVashington, San Francisco, Philadelphia, Camden, Balti- 
more, Chicago, Detroit, New Orleans, Los Angeles, and Seattle, wlierc 
the radio company handles its own messages. Correspondingly, AA^csteni 
Union offices accept outgoing radiograms for transmission via R.C A. 

Many of the R.C.A. circuits go to countries remote from the trans- 
atlantic cable terminals, and through its traffic connections, the company 
brings in a large volume of communications from those countries. It 
had been handicapped in its disposition of this traffic by the paucity of 
its terminal facilities within the United States. 

AA^cstern Union, on the other hand, greatly strengthened its competi- 
tive position through the delivery of incoming radiograms, and its close 
association with R.CA. Communications, Incorporated, under the ar- 
rangement placed it in a position to supplement its ten high-capacity 
cables across the Atlantic with the wireless service whenever it could 
be employed, especially in the handling of communications to countries 
not served by direct cables. 

The working arrangement between tlic radio and telegraph companies 
involves no unification of properties or personnel. It merely extends 
the scope of their previous traffic agreements. 
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Development of the Industry 

Early history. With the invention of the telephone came the dawn 
of a new era of business civilization, a new type of civilization w^hich not 
even the inventor himself had dreamed possible; and it is safe to predict 
that, if the telephone industry ceased to exist today, through some 
unknown circumstances, American business virtually would be at a 
standstill. 

The credit for making possible this new commercial civilization rightly 
belongs to the inventor of the telephone, Alexander Graham BelL A 
resume of his early life follows:^ 

Alexander Graham Bell was born in Edinburgh, Scotland, March 3, 

1847. He received his early education at McLauren^s Academy and the 
Royal High School m Edinburgh; attended lectures on classical sub- 
jects at Edinburgh University for one year; took a course in anatomy 
at the University College, London; and matriculated as an under- 
graduate of the London Univer3itj\ He also received at a very early 
age training m music from Signor Auguste Benoit Bertmi, and after 
Bertim's death, his musical education was carried on by his own mother 
following the Bertini method. 

In 1865, Bell took up the study of electricity and later endeavored to 
transmit sound vibrations by means of electromagnets. 

Both bis older and younger brothers died of tuberculosis, which caused 
BelBs father to give up his connections in London and emigrate to 
Canada in 1870. In 1872, he came to Boston, where he opened a school 
of vocal physiology for deafmutcs. 

During the next 3 years, Bell carried on extensive experiments with 
telegraph instruments and discovered that variations in sound vibrations 
could cany over a telegraph line. This discoveiy was the birth of the • 
telephone. Bell designed the piece of crude equipment and instructed 
Thomas A. Watson, one of his shop mechanics, to make it. 

'^On June 3, 1875, Watson built the first electric speaking telephone 
in tlie w'orld, making every part of tlie instrument with his own hands.^^“ 
On March 10, 1876, Bell spoke, and Watson heard the first complete - 

^ From F.L. Rhodes, Beginning o} Telephone (New York: Harper & Brothers), p. 1. 
p 24. 
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scntencG eyer transmitted by the telephone; it was, ^^Mr. Watson, come 
here, I want you.” Bell had discovered the principle of telephony and. 
during his earlier experiments, stated: “If I could make a cuiTcnt of 
electricity vary in intensity as the air varies in density during the pro- 
duction of sound, I should be able to transmit speech telegraphically.” 

Although numerous adaptations of the variable resistance transmitters 
have been produced, one must not overlook the fact that the Alexander 
Graham Bell liquid transmitter, built on the thcoiy of varying electrical 
intensity, was the first variable resistance transmitter ever produced and 
that its principles are still used in the practice of telephonic transmission. 

Like all other major inventions, the telephone has many claimants to 
its invention. It is true that many persons had worked on the theory 
of transmitting the human voice over wires, but none had developed a 
practical solution to the problem. In 1854, a Frenchman by the name 
of Charles Bourseul published an article in which he set forth a 
hypothesis for the electrical transmission of speech. Again, in 1857, 
an Italian named Antonio Meucci, living on Staten Island, New York, 
devised a system that he believed could be used for transmitting the 
human voice by wire and made several attempts to obtain patent rights 
on it, but his idea never proved practical because it was an acoustic 
telephone and not an electrical one. The acoustic telephone operates 
by direct physical impulse and works very well onl}’* over a short dis- 
tance. Alexander Graham Bell, on the other hand, discovered how to 
use electricity in the transmission of speech. By physical impulse, the 
voice travels through the air, as in ordinar}^ talking, singing, or yodeling, 
at a speed of about 1,100 feet per second; through the medium of a 
string or metal wire, maybe a little faster. By electricity, the voice 
goes at the rate of 185,000 miles per second. This was the basic element 
in Belks invention which was in no way a development of the acoustic 
telephone. Another attempt in 1860 was made b}’' a German, Philipp 
Reis, who utilized the Bourseul method and who was successful in 
transmitting sound of a constant pitch, but his device was not adapted 
for continuous speech. While Bell was carrying on his experiments on 
the development of the telephone, many otlier experimenters in the 
United States were working on the same idea; in fact, Mr. Elisha Gray 
filed a caveat in the United States Patent Ofiice claiming that be was 
about to invent the electrical transmission of the human voice only a 
few hours after the Bell patent application had been filed, on 
February 14, 1876. 

Elisha Gray was one of the prominent inventors of the latter half of 
the nineteenth century. He was thorough and systematic in his 
researches and experiments. His great invention was the multiple 
telegraph. While working on that, he gave some time and interest 
to the possibilities of transmitting speech by electricity. He succeeded 
in transmitting musical tones, but that was a very simple matter com- 
pared with the transmission of the extremely complicated overtones of 
speech, which require an entirely different kind of electric current from 
the make-and-break current of telegraphy. 
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Alexander Graham Bell had invented his telephone on June 2 , 1875, 
which was 9 months before Gray filed his caveat, and Bell then had a 
patentable article. In order to have his invention patented at the same 
time in England and in America, Bell delayed filing his application until 
February 14, 1876. The technical difference between the tw^o is impor- 
tant. A caveat serves notice on the Patent Office that the inventor 
expects to invent something, whereas an application asserts that the 
invention has already been completed. 

Daniel Draw^baugh, a mechanic living at Milltowm, Pennsylvania, 
also claimed the initial invention of the speaking telephone long before 
Bell His claim dates back to 1867, but the courts did not uphold it. 
Professor Amos E. Dolbear and many others made similar claims, which 
caused a prolonged period of litigation and resulted in a decision pro- 
nouncing Alexander Graham Bell the original inventor of the telephone. 

First practical use. Thomas Sanders and the Honorable Gardiner 
Greene Hubbard had given liberal financial aid to Bell during his experi- 
mentation wdth the telephone, and there was a gentlemen's agreement 
between them that all patents arising from Bell's inventions wmuld be 
owned equally. Telephones were at first rented in pairs to individuals 
for local use. This lowdy beginning of telephone communication, from 
which emerged the enormous network of wires from coast to coast of our 
present system, consisted of a piece of iron wure connecting both instru- 
ments with the return circuit grounded. Switchboards w’ere unknown, 
and communication w^as uncertain and poor at best. 

The first switchboard. The first telephone switchboard came into 
existence in May, 1877. 

A young man named E. T. Holmes, who was running a burglar- 
alarm business in Boston, proposed that a few telephones be linked to 
his vnres, Hubbard was quick to seize this opportunity and at once 
lent Holmes a dozen telephones. Without asking pemussion, Holmes 
went into six banks and nailed up a telephone in each. Five banks made 
no protest but the sixth indignantly ordered that “Playtoy” to be taken 
out. The other five telephones could be connected by a switch in 
Holmes’ office, and thus was born the first tiny and crude telephone 
exchange.^ 

Steps in the development of national telephone service. The agree- 
ment between these three men — Sanders, Hubbard, and Bell — created an 
informal partnership out of which evolved a company whose stock was 
divided equally among them. 

On February 2, 1878, the New England Telephone Company, a 
Massachusetts corporation (not the present New England Telephone 
and Telegraph Company), acquired from Mr. Hubbard, as trustee, 
territorial rights, under Bell’s four patents, for the New England states. 

On July 20, 1S7S, the rights in these patents for the rest of the country 
weic assigned by Mr. Hubbard, as trustee, to a new corporation, the 
Bell Telephone Company. These two interests — one covering the 
New England States, the other the remainder of the United States — 

”H. N. Casson, The History of ike Telephone (Chicago: A. C. McClurg & Com- 
pany), p. 53. 
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were soon united by purchase; and on March 20, 1S79, the New England 
Telephone Company and the Bell Telephone Company both assigned 
to a new corporation, the National Bell Telephone Company, their 
rights under two of Beirs patents, namely, those covering his harmoruc 
tdegraph system and the recehring instrument designed for use ^rith it. 

The American Bell Telephone Company vais chartered on JIarch 19, 
ISSO, and acquired by assignment and licenses ail patent rights belong- 
ing to the Bell interests previously existing.^ 

Mr. Hubbard, president of the newly formed company, was successful 
in obtaining the sendees of ]Mr. T. N. Vail as general manager to cany' 
on business acti\ities. Mr. Vail formulated sound business policies, 
methods, and procedures, and refused to consider seriouslj" the man}’ 
schemes to sell the telephone rights. It is interesting to note that these 
basic policies are fundamental in the present-day policies of the American 
Telephone and Telegraph Corapan 3 \ Air. Vail induced man}’’ of his 
friends to invest money in the stock of this new company, which had 
12,000 phones in ser^dee. Through his efforts, he procured §450.000, 
which constituted the capital of this new company. In 1883, Air. Vail 
ordered an experimental long-distance telephone line to be installed 
between Boston and New York, The wire used was made from hard- 
drawn copper and was the first successful long-distance overhead tele- 
phone line; it covered a distance of 235 miles. Air. Vail worked dili- 
gently on the problem of a satisfactory telephone wire, with the result, 
in 1885, of the successful construction of an experimental telephone line, 
consisting of a number of wires of various sizes, between New York and 
Philadelphia. 

The next important step toward the attainment of a national tele- 
phone ser\dce was the organization of the American Telephone and 
Telegraph Company, in 1885. This company was formed to build and 
operate long-distance lines to interconnect the regional companies that 
had developed by merger and groui:h from earlier licensed companies 
that were giving local service. 

To realize the ideal universal telephone ser^dee, it became increas- 
ingly important to extend the long lines even further, to carry’ on con- 
tinuous investigation for the practical development of the telephone 
art, to make further progress toward the standardization of apparatus, 
equipment, and methods, and to centralize administrative functions as 
far as possible in the interest of efficient and economical sendee. In 
1900, therefore, the American Telephone and Telegraph Company 
absorbed the American Bell Telephone Compan}^, becoming the central, 
or headquarters, company of the coordinated federation that is known as 
the “Bell system.^’ 

After the basic telephone patent expired, independent telephone com- 
panies, not connected with tlie Bell s 3 ’stem, were organized in large 
numbers. Alany of these companies introduced telephone service in 
small communities where there was no Bell telephone sendee, but some 
entered into competition in communities where Bell companies were 


^Rhodes, op. cxL, p. 50. 
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already operating. Great public dissatisfaction resulted from the incon- 
venience and unnecessaiy expense caused by telephone competition (since 
one had to subscribe for both telephone services or else be out of touch 
with many of the telephone users in the community). In many cases 
these inconveniences were eliminated by a consolidation of the com- 
peting telephone services; in others, physical connection was established 
between the lines of the Bell system and tliose of the independently 
owned telephone companies. 

From wires to cables. The first telephone lines were overhead, 
stretching from pole to pole and from building to building. As the 
number of telephones steadily increased, the number of these overhead 
wires also increased, until a regular network more or less blotted out the 
sky for many cities. Beside this, snow and sleet storms caused havoc 
to telephone communications and also greatly increased the cost of tele- 
phone-line maintenance. However, the never-ceasing research activities 
of the diligent telephone engineers found a solution to this problem by 
installing an underground system of conduits and cables. 

By January 1, 1886, there wore only 3,417 miles of wire underground 
in the Bell system out of a total wire mileage of 155,791. This under- 
ground mileage could be contained in less than 1 mile of modern 
1,800-pair cable. 

In 1887, the successful introduction of the twisted pair, underground 
conductor paved the way for the extensive use of cables. In 1902, the 
application of the loading coil, together with other improvements, per- 
mitted the installation of a loaded cable between New York and Newark, 
New Jerse}^ In 1905, a loaded cable, 20 miles long, extended from New 
York in the direction of Philadelphia. In 1906, an underground cable, 
90 miles long, was successfully operated between New York and 
Philadelphia. 

Early in 1909, a sleet storm swept the Atlantic seaboard, paralyzing 
communication and isolating the capital at the time of President Taft^s 
inauguration. The next morning the chief engineer (J. J. Carty) of 
the Bell system received from Theodore N. Vail, then president of the 
American Telephone and Telegraph Company, a note beginning: “Put 
those wires underground. I know that the present state of the art of 
telephony does not make such wire-burying possible. But experiment. 

. . The Bell engineers did experiment, and by 1911 they had designed 
an underground cable capable of giving satisfactory’’ conversation between 
Boston and Washington. By 1912, a cable connection had been laid 
between Washington and New York. By 1913, the cable had been 
extended between Washington and Boston, a distance of 455 miles. 
This was several times longer than any other underground line in the 
world at ,that time. 

The best idea of the enormous saving in space which cable effects 
IS given by some figures relating to New York City. At the corner of 
Seventh Avenue and 36th Street there are more than one hundred 
thousand lines underground. This vast number of wires, if placed upon 
a single overhead line, would require poles four miles high If the pokes 
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were only as high as the Wool worth Tower, the streets would be roofed 
in by twenty-five such gigantic lines and a veritable canopy of copper. 

Ever since the first underground cables were installed under city 
streets, . * . the technique of making telephone cables has advanced 
steadily. . . . Together '^ath the increase in the enormous number of 
telephone lines that can be placed in a single cable has gone a corres- 
ponding reduction in the size of copper wire required for each circuit.^ 

Growth of the Bell system. A study of the statistical data in 
Table I will give a perspective of the phenomenal groudh of the 
telephone industry. In 1900, the plant investment of the Bell s^'stem 
in the United States was about $181,000,000; on December 31, 1939, it 
amounted to $4,590,510,000. This growth becomes more evident if one 
examines the increase in the number of telephones and the increases in 
mileage of telephone wires put into ser\'ice during the past 30 years. 

Organization of the Bell System 

The structure of the Bell system is simple. It is comprised of a closely 
integrated group of companies associated togetlier for the purpose of 
providing a single unified telephone ser^dee in the United States. Basic- 
alh" the system, developed during a period of more than 50 years, 
comprises the following: (1) the American Telephone and Telegraph 
Company (the parent company) , which is also the headquarters organi- 
zation; (2) the principal telephone-operating subsidiaries of the Ameri- 
can Telephone and Telegraph Company, now 24 in number, and 2 non- 
controlled telephone companies, each of these 26 companies ser^dng a 
part of the United States; and (3) the long-lines department of the 
American Telephone and Telegraph Compam’', by which the telephone 
lines of these operating companies and their connecting companies are 
united in a national service and are linked with telephones in other 
countries and on certain ships at sea. 

Closely associated with this group are: (1) the Bell Telephone Lab- 
oratories, Incorporated, which carries on for the Bell system the scientific 
research and development work essential to tlie continuous improvement 
and cheapening of telephone service; and (2) the Western Electric Com- 
pany, which takes care of the manufacturing and purchasing for the 
Bell system. 

Besides the Bell operating companies, there are about 6,500 independ- 
ently owned companies, together with more than 25,000 rural lines and 
systems, which are connected with the Bell-system lines for the inter- 
change of toll calls, thus making possible an intercommunicating tele- 
phone system for over 70,000 cities, towns, and rural communities in 
America. 

The American Telephone and Telegraph Company is often called the 
“headquarters company of the Bell system.” The regional operating 
companies which it owns in whole or in part are responsible for telephone 


*From F. W. Wile, A Century of Industrial Progress (New York: Doubleday? 
Boran & Company, Inc.), p. 449. 
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semce in the communities where they are established. Their function 
is to study and to seiwe local needs and requirements, present and future. 
Their policies and practices are shaped to this end. They arc state or 
regional enterprises, operated and managed by local people intimately 
identified vsdth the activities of the communities where they live and 
work. Eveiy one of their exchanges is a local institution. Each com- 
pany is organized and equipped to meet the operating telephone problems 
within its area, both local and long-distance. 



Fig. 1. 


These regional companies operate under state laws and, as to service 
within the states, are subject to regulation b3' state commissions. The}’’, 
as well as the American Telephone and Telegraph Company, are subject 
as to certain matters to regulation by tlie Federal Government. 

Regional companies. The problem of meeting the sendee needs of 
local communities varies with the character and activities of the com- 
munities. It is the specific responsibility of the local telephone organiza- 
tions and requires the complete and constant attention of the regional 
companies. 

There are also general problems common to all the companies. In 
order that these may be handled economically and efficiently, the regional 
companies contract with the American Telephone and Telegraph Com- 
pany for centralized services relating to them. Tliis contractual rela- 
tionship dates back to within a few years of the telephone's invention. 
It is an outgrowth of the original licensing arrangement whereby th® 
first telephone companies secured instruments for the use of their sub- 
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scribcrs* It ^y^is founded on tlic necessities of the business. It still 
exists for the same reason. 

Througli this arrangement the regional companies, in effect, employ 
the headquarters company to do for them the things which can be done 
better and more economically by a centralized organization. 

General-staff service. To meet this responsibility, the American 
Telephone and Telegraph Company has organized itself to perform 
serviros rchiling to engineering and operation, finance, accounting, and 
law, and to give .such other assistance to the regional companies as may 
be helpful to them in conducting their business. 

A few illustiations will sliow how it functions under this arrangement. 
To furnish financial assistance is one of its important services, particu- 
larly in ])criods of lapid growth, when vast sums arc needed for plant 
adch lions and replacements to meet the demands of the public for service. 

Another ser^dcc of the utmost importance is that enabling tlie regional 
companies to utilize every improvement resulting from the research and 
experimentation of its scientific workers in the Bell Telephone Labora- 
tories and to keep track of scientific achievements in the world at large 
that might be beneficial to the telephone indust^}^ 

Thousands of patents covering the results of Bell-system research 
activity arc owned by the headquarters company for the benefit of all 
the operating units of the Bell sj^stem. 

The^c results, of course, arc ex'prcssed physically in the apparatus 
and equipment that the regional companies use to give scr\dce. The^” 
have been of enormous importance in improving the quality and 
reducing the cost of their sendee. 

But the problem of apparatus is only one of the multitude of problems 
that the Bell regional companies share in common. There is a best way 
of doing everything, and the application of this best way to the innu- 
merable details of operation is what the3’' are constantl}^ seeking. 

Another service, therefore, that the regional companies engage the 
American Telephone and Telegraph Company to provide, though classi- 
fied as **telcp]ione engineering,” is so broad in its scope as to include the 
entire range of construction, operation, maintenance, and business prac- 
tices. No single company could afford to make these studies for itself. 

New ideas for improved cquijunent and operating practices are con- 
stantly being studied b}’ the staff of the headquarters company and, 
from time to time, are suggested by men in the operating companies. 
These new ideas are developed and tested, and the resulting improve- 
ments arc spread over the whole Bell system. 

The cost of this research and advisory service is more tiian the head- 
quarters company receives for rendering it. The American Telephone 
and Telegraph Company functions in the manner of a general staff, ready 
to provide expert assistance in solving any new problem that may arise, 
but is principally occupied with studies and developments that will 
anticipate problems. 

One department of the headquarters company, for example, develops 
a new technique for the system^s construction forces — such as a new and 
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more economical method of laying cable and conduit or details for in- 
stalling armored cross-country cable underground without conduits. 
Another studies the system's collective experience with buildings and 
equipment in order that the knowledge gained from this experience may 
be applied to central-office design. A third group sets up practices for 
the design of the plant from a transmission standpoint to insure that any 
subscriber of the Bell system can at all times talk satisfactorily to any 
other subscriber and, furthermore, that this be achieved at the least 
possible overall cost. Another, specializing in traffic matters, perfects 
operating practices that cut many seconds from the time required for 
handling calls and that further improve their accuracy. Another helps 
the regional companies to develop business practices and office routines; 
it studies markets, and assists in formulating promotional plans and the 
carrying forv^ard of a great number of other necessary’’ functions. Still 
another department advises the companies as to the most effi 9 ient 
methods involved in accounting work and in the statistical analyses of 
the results of operation needed for local administrative purposes. Thus 
it is possible for the Bell system to give the best, the most economical, 
and the most comprehensive telephone service in the world. 

Ownership and physical assets. The total number of ovmers of 
Bell-system securities is about 750,000, The American Telephone and 
Telegraph Company alone was owned on December 31, 1939, by 636,800 
stockholders, including about 74,000 stockholders who are Bell-system 
employees. 

Of the total number of stockholders, 359,000, or 56 per cent, owned 
from 1 to 10 shares each; wffiile 611,000, or about 95 per cent, owned less 
than 100 shares each. The average number of shares of the American 
Telephone and Telegraph Company's stock held per stockholder wns 
29. No one stockholder owns as much as 1 per cent of the total stock. 

The vast amoimt of equipment and the large trained organization 
employed to maintain efficient telephone service to meet all the tele- 
phone requirements of a nation of over 130,000,000 people are shown 
by the following comparisons. 

Poles. There are more than 15,000,000 telephone poles, enough to 
build a solid transcontinental fence 30 feet high from New York to San 
Francisco. Fifteen million poles represent a forest of over 800 square 
miles in extent. 

TFzre. There are more than 83,000,000 miles of exchange and toll 
wire. This is enough to reach from the earth to the moon and back 
again more than 170 times. 

Cable sheath. This amounts to more than 2,000,000,000 pounds of 
lead alloy. It would fill 20,000 50-ton freight cars, making a train 
150 miles long. 

Underground conduit. There are more than 625,000,000 duct feet of 
Underground conduit. This would go through the earth about fifteen 
times from pole to pole. 

Telephones. There are more than 15,900,000 Bell-owmed and about 
4,150,000 Bell-connected telephones, representing in the aggregate 49 per 



THE TELEPHONE INDUSTRY 


783 


cent of the total telephones in the world. Practically any two of these 
20,000,000 telephones may be interconnected. In addition, service 
available between them and about 18,000,000 other telephones in North 
America, Central America, South America, Europe, Asia, Africa, and 
Australia, as well as Hawaii, the Philippines, Japan, and other island 
groups. 

Bxnldings. The Bell-system buildings number about 3,200, not includ- 
ing some 5,400 leased properties, and represent an investment equal to 
the real-estate valuation of some of our larger cities. These building 
spaces, comprising central offices, repeater stations, garages, warehouses, 
shops, and office buildings, are of all sizes, from one room to a 30-story 
building covering a city block. They are dotted all over the country in 
a variety of locations, ranging from isolated sections through residential 
areas to downtown sites. 

Since 1920, the Bell sj^stem has spent on net plant additions alone 
over §3,000,000,000, or enough money to build seven Panama Canals and 
six Holland Vehicular Twin Tunnels. It is interesting to note that the 
investment in the Bell-system plant has more than tripled during this 
period. 

Motor vehicles. Over 20,000 motor vehicles are employed by the 
Bell system. If parading in single file, they would make a column 
over 150 miles in length. 

Telephone directories. For the use of telephone subscribers, the Bell 
system prints and distributes each year an aggregate of 27,000,000 copies 
of about 2,100 different directories. The printing of these directories 
requires the use of about 30,000 tons of paper. 


Personnel 

Behind the telephone instrument is a hidden world peopled with thou- 
sands of men and women who are engaged in a vatallj^ important public 
ser^dee but who are rarely seen by the public they serve. 

. Of the men in the telephone ser\dce, the telephone user sees some- 
thing — ^the installer, the repairman, linemen on a country road, a cable 
gang working in a city street. Of the women, he sees almost nothing. 
Through his telephone receiver, as through a half opened door, there 
come to him the trained voices of his telephone operators, each reflecting 
couxiieous efficiency, pride in a worth-while work, devotion to duty. By 
these voices and by them alone, America knows the young women who, 
guarding a web of wires which crosses and recrosses the continent, have 
helped to transform a commonwealth of widely separated states into a 
single vast community. And there are thousands of women who, in 
other capacities, help to maintain tlie telephone service. 

The two men who comprised the telephone industry at its beginning 
(1876) have been increased to a vast army of more than 350,000 persons 
in the United States alone. Of tliis vast army, 297,100 are in the Bell 
organization, including the operating companies, the Western Electric 
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Company and the Bell Telephone Laboratories. The total payroll for 
1939 amounted to §570,151,000. 

More than half of the employees of the Bell Telephone Companies at 
the beginning of 1938 were women. Their average age was 31; their 
average length of service, over 10 years. The average age of men 
employed in the telephone companies was about 38; their average length 
of service, nearly 15 years. 

Employees’ pension and other employee-benefit plans. The plan 
for employees’ pensions, disability benefits, and death benefits has now 
been in operation for 27 years. The plan is noncontributory, all the 
costs being paid by the companies. Payments thereunder, except for 
service pensions, are made directly on a pay-as-you-go basis, while serv- 
ice pensions are provided for in advance on an actuarial basis, with 
payments made periodically into pension trust funds, from which the 
trustee pays the sei^nce pensions. At the end of 1939, these trust funds 
for the Bell system, including the Western Electric Company and the 
Bell Telephone Laboratories, aggregated §268,627,668, which is irrevo- 
cably dedicated to service-pension purposes. 

The Bell-system plan has, from its inception, provided that pensions 
payable by any Governmental agency shall be deducted from pensions 
otherwise payable under the plan. Following the enactment of the 
Federal Social Security Act of 1935, all employees were advised that no 
change was contemplated in the plan as a result of the act, except that, 
if the latter remained in effect unchanged until 1942, when pensions 
became payable under the act, it was expected that the provision for 
deducting all of the Government pension from a pension othervdse pay- 
able under the plan would be changed to provide that only one half 
of the pension paid under the Social Security Act would be deducted. 
This proposed change gi\ve recognition to the fact that one half of the 
direct-tax contributions under the Social Security Act for old-age benefits 
is paid by the employee. 

The 1935 Social Security Act was amended in 1939, and monthly 
Federal old-age benefits became payable beginning January 1, 1940, 
instead of 1942, to eligible persons 65 years of age or older. The Bell- 
system plan has therefore been amended, effective January 1, 1940, to 
carry out the intent of the above-mentioned announcement to employees 
made in 1936. The amended plan provides that the service pension 
payable to a retired employee after he has attained the age of 65 will 
be reduced by one half of the “primary insurance benefit” to which he 
is entitled under the Social Security Act Amendments of 1939. The 
“priraar^^ insurance benefit” computed for the purpose of this adjust- 
ment udll be based solely on Bell-system wages and employment. 

The sickness-disability-benefit schedule in the plan, which in the past 
has provided for maximum benefits of 13 weeks’ full pay and 39 weelvs’ 
half pay to employees with 10 or more years of service, was also changed, 
effective January 1, 1940, by increasing the full-pay benefit periods 
for employees with 15 or more years of service. Under the new sched- 
ule, employees will receive 26 weeks’ full pay and 26 weeks’ half pay 
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for 15 to 20 years of service, 39 V’eeks^ full pay and 13 weeks^ half pay 
for 20 to 25 years of service, and 52 weeks^ full pay for 25 or more years 
of service. The provisions covering accident-disability benefits have 
been correspondingly modified, so that, for cases originating on and after 
January 1, 1940, the full-pay periods for employees of 15 or more years 
of service are the same as in the new schedule for sickness benefits. 

The Bell system, including the Western Electric Company and the 
Bell Telephone Laboratories, had 8,930 retired employees on the service- 
pension rolls at the end of the year 1939. The total amount of service 
pensions paid from the pension trust funds in that year was §7,645,000. 
During the same time pension accruals, actuarially determined, amount- 
ing to $17,589,000, or 3 1 per cent of the payroll, were paid into the 
pension trust funds. 

Other payments made in 1939 under the plan were: 

Sickness-disability benefits . . $6,006,000 

Accident-disability benefits . . . 539,000 

Death benefits . . . . . . 2,041,000 

Disability pensions ... 444,000 

Total . . ... $9,030,000 

During 1939, employees continued to make extensive use of the pay- 
roll-allotment plans maintained by the companies to assist them in 
accumulating savings in the form of life insurance, deposits in savings 
institutions, and United States Savings Bonds. These plans are entirely 
voluntary and the administrative costs are paid by the companies. 

Through the insurance plans, employees can pay monthly premiums 
on life insurance or annuities by payroll allotments forwarded to insur- 
ance companies. Under these plans, 78,900 employees of the Bell system, 
including the Western Electric Company and the Bell Telephone Labora- 
tories, at the end of 1939, were carrying standard life insurance amount- 
ing to $244,000,000. Premiums paid on this insurance during the year 
amounted to $7,842,000. Employees also carried some 6,300 annuity 
contracts, the premiums on which amounted to approximately $750,- 
000 during the year. 

Premiums amounting to $205,000 were also paid on United States 
Government insurance totaling $8,000,000, carried by 1,690 employees 
who are First World War veterans. 

At the end of 1939, 21,250 employees were using the plans established 
in 1938 to invest in United States Savings Bonds. Payroll allotments 
made during 1939 toward the purchase of bonds totaled $2,660,000. 

The plans for deposits in savings institutions of employees' selection 
were being used by 105,700 employees at the end of 1939. 

Distribution of Telephones 

There are more than 22,250,000,000 exchange messages and 800,000,- 
000 toll messages over the Beli-system wires yearly. Including messages 
sent over the wires of other telephone companies, more than 28,000,000,- 
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000 cNchnnKo utul tul! uto (ruiiMuitUul nnimaOy in t\m counli>*, 

or nlunit t\v<> conversation^ daily for i^vvty fluvc nun, •votnC'ti 

and children — in the connlry. The Fcdeia! po’ t offire. vdnch ranks 
next in point of mun\)cr of ^^nTicc cotUuct'^, innuih*’^ ulamt 
U'tton*- and po-tcard^- annually, 

Ihddic \clc)du)nc> fonu an nnporlnnt Uul: in Anu*rt<*aV nation-v/uh* 
telcjihouc service I.ncatMl in hoic)^\ rajhvay stntion**^ stores, atui other 
public and senn]>ublie biiddinn^ they inalir lvh*phone j^uvirC available 
n*hen one is invay frrmi the office or home— ntiikinir it doubly a public 
service. NovIutc m tiu' world is the me of the juiblie telejihone so 
ronunon a‘< in the United States. 

The late^-t ^latl''^ics uvnilablo showing the distribution of teleplionc^. 
tlirourlunit tiie vorld relate to Janunrje 1, I93S. On that date, the 
United States-, vrith atioul one lUTUtieU* of the worldV land atca, had 
nearly one !ui!f telephone*', or 19/153,000 of iho 39,000,000 telephones 
then in u^e tlironeju-Uit the world, 

(>n the hasi-^ of telephones j>er 100 jiopniation, the United States had 
over M\ tiiuo- the telephone dcve!o])intnt of Uurojic ns n whole, four 
tiine> that of Ihnncc. more than two and one half tlnd of Ot^nnany, and 
more than twice that of Great Britain. 

On January 1, 1938. New York City, witli 1.023,117 telejdionos, had 
more tedephomv than auy other city in the world. Tlie number of tele- 
])honos in this one American city was greater than t!ie number in the 
whole of oacli foreign countn- in tlic world, with the exception of Ger- 
many and Great Britain, 

On this same dale* Chiengo had more than twice as many telephones 
as Switrerhind, T,o-’ Angeles almo''’t two and one quarter time^ ns many 
ns the Union of Souih Africa, and San Francisco nearly three and one 
half times many as Britisii India. 

Equally striking, in showing the superiority of the telephone develop- 
ment in t!\e United States, are figures on the development of the lc5= 
populated sections n«: compared with the urban centei>. In the United 
State:^, pluce'=j having less than 30,000 peojde were served on Jnnumy* 1. 
193S, by lO.S telephones per 100 population, as against 21.2 telephones 
per 100 population for communities of 50,000 population and over. In 
no other country was the telephone dcvelo])ment of the smaller places 
as high ns that in the United States. In fact, in many foreign countries, 
the development of the less populated regions is relatively so low that 
it is no exaggeration to say that their telephone service is confined 
largcl}^ to their principal cities. For example, London, on January" 1, 
1938, had about one quarter of the total telephones in Great Brilnin/and 
Paris had nearly one third of the total number in France. Even Ger- 
many, with its otherwise progressive rural comm\inities, had 25 per cent 
of all its telephones concehtrated in the four cities of Berlin, Cologne, 
Hamburg, and Alunich. 

In proportion to population, on January 1, 1938, New York had one 
third again as many telephones as London; Chicago, on the same basis, 
had more than twice as many as Berlin. 
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These figures indicate how large a place the telephone fills in the 
American mode of life. They reflect, too, the activity of the telephone 
companies in calling attention to the possibilities for maximum comfort 
and convenience afforded by adequate telephone facilities. 


Fundamental Policies of the Beil System 

In an address before the National Association of Railroad and Utilities 
Commissioners at Dallas, Texas, in 1927, and in successive annual re- 
ports to the stockholders. President Walter S. Gifford of the American 
Telephone and Telegraph Company restated the fundamental policies 
of the Bell system. These policies relate to the carrying out of the man- 
agement’s threefold obligations to its investors, to the telephone-using 
public, and to its employees, and are predicated upon the fact that there 
are over 625,000 stockliolders of the American Telephone and Telegraph 
Company and nearly 300,000 employees of the Bell system, including the 
Western Electric Company and the Bell Telephone Laboratories, and 
that the Bell system owns more than three quarters of the telephones in 
the United States and connects with nearly all of the remainder, affording 
facilities for interconnection among 99 per cent of the telephones in the 
country and about 93 per cent in the entire world. The policies as laid 
down by President Gifford may be summarized as follows: 

(1) The fact that the responsibility for such a large part of the entire 
telephone service of the country rests solely upon the American Tele- 
phone and Telegraph Company and its telephone-operating subsidiary 
companies imposes on the management an unusual obligation to the 
public to see that the service shall at all times be adequate, dependable, 
and satisfactory to the user. 

(2) The fact that so large a share of the responsibility for meeting 
the telephone needs of today rests upon the Beil system implies that it 
must also be responsible for meeting the needs of the future. It has a 
peculiar obligation to carry on the research and experimentation neces- 
sary for the further development of the telephone art. 

(3) The fact that the ownership of Bell-system securities is so wide- 
spread and diffused imposes an unusual obligation on the management 
to see that the savings of these hundreds of thousands of people are 
secure and remain so, 

(4) The policy which recognizes these obligations to the telephone- 
using public, both of today and of the future, and to its investors recog- 
nizes equally the Bell system’s responsibilities to its employees. It is and 
has been the policy and aim of the management to pay salaries and 
wages in all respects adequate and just, and to make sure that individual 
merit is discovered and recognized. 

Obviously, the only sound policy that will meet these obligations is to 
continue to furnish the best telephone service at the lowest cost consist- 
ent with financial safety. 

Earnings must be sufficient to assure the best possible telephone service 
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at all times, the further development of the art, and the continued finan- 
cial integrity of the business. Earnings that are less than adequate must 
result in telephone service, in the present and in the future, that is some- 
thing less than the best possible. Earnings in excess of these require- 
ments must either be spent for enlargement and improvement of the 
service furnished, or the rates charged for the ser\dce must be reduced. 

This is the basis of the fundamental policy and purpose of the Bell 
system — ^the most telephone service and the best, at the least cost to 
the public, consistent with these obligations. 

Research and Development in the Industry 

The importance of scientific research in the development of the tele- 
phone early became apparent. The Bell-system pioneers who laid the 
foundation upon which America’s telephone system was to be erected 
found that they had to create a new art. Nothing then existing provided 
a precedent for what they were to undertake. Isolated theories and 
unrelated facts were all that other science could contribute, and these 
had to be wrested by the new ai^t from its older sisters by patient research 
and experimentation. Hard-earned advances blaze the trail of telephone 
progress, each problem successfully solved being a monument to untiring 
effort. 

The staff of the Bell Telephone Laboratories comprises over 4,500 
people, of whom more than half are scientists, investigators, and techni- 
cal specialists who continually carry on research and experimentation in 
the fields of the two fundamental problems of electrical communication 
— ^the electrical transmission of intelligence and the development of the 
channels for such transmission. Numerous collateral studies relating to 
the general science and art underlying electrical communication and 
allied subjects are also carried on. This research work has been of 
inestimable value in extending the scope of electrical communication 
service and in improving it in economy, efficiencj^ and dependability. 
The visible results are in the switchboards, cables and wire lines, load- 
ing coils, repeater tubes, and telephone instruments — in the hundreds of 
physical details that combine to form the intricate plant necessaiy for 
the quick and clear transmission of speech. The invisible results are 
apparent to telephone users in the constantly impro^dng quality of ser^*^- 
ice. Through the research vrork carried on for the Bell system, new 
metal alloys have been discovered, new designs in apparatus have been 
achieved, the size and consequent!}' the cost of numberless items of 
equipment has been reduced. Hundreds of millions of dollars have 
been saved the telephone users of the nation. 

In some six decades of ^telephone research, tlie telephone engineers 
have overcome one by one the barriers of speech transmission. From 
the very beginning, the progress of the art has been marked by epoch- 
making advances due to inventions and improvements in apparatus and 
equipment. Some of the more notable achievements in the development 
of the art have been as follows: 



THE TELEPHONE INDUSTRY 


789 


(1) The development of the switchboard^ without which no intercon- 
necting group of telephones would be possible, and which was the begin- 
ning of the tclephone-cxcliange system. 

(2) The discovery of the process of hardening copper wire and its 
application to telephone circuits, improving transmission and making 
long-distance, open-wire telephone circuit! possible. 

(3) The substitution of a pair of wires for a single wire with ground 
return, thus very much reducing the disturbances caused by adjacent 
power circuits or other telephone circuits and greatly improving trans- 
mission. 

(4) The multiple switchboard, making possible the expansion of the 
exchange system by providing positions at the switchboard for a large 
number of operators, each answering the calls on a certain number of 
subscribers* lines. Because of the duplication of all the subscriber-line 
terminals at each section of the switchboard, each operator is able to 
connect the calling subscriber with any other subscriber in the same 
central office. 

(5) Successive improvements in the design of the telephone instrument 
that Jiave not only increased its efficiency as a means of communication 
but have given it a more attractive appearance. The early “box** tele- 
phones were superseded by various types of wail and desk sets. Now the 
convenient and graceful hand telephone is made available, with or with- 
out the dial. 

(6) The transposition of telephone circuits, thereby minimizing the 
interference of other telephone circuits and of electric-light and power 
wires. 

(7) The development of the underground cable, enabling the removal 
of pole lines from the main thoroughfares of the large cities; and the 
aerial cable, reducing tlie number of crossarms and the size of the poles. 

(8) The phantom circuit, which is made possible by utilizing two 
physical telephone circuits to create a third independent circuit. 

(9) Carrier-current telephony, in which the telephone current is com- 
bined with a high-frequency current, transmitting this combination over 
line wires and, at the receiving end, removing the high-frequency current 
and leaving the telephone current, making it possible to transmit simul- 
taneously several telephone currents over a telephone circuit. 

(10) The application of the repeater, or current amplifier, to long- 
distance circuits, furtlier increasing the range of long-distance telephony; 
also, its application to overhead and underground cables, making it possi- 
ble to extend greatly the use of cables in place of open-wire construction 
and allowing the use of smaller gauge wire. General improvement in 
speech transmission was also accomplished. 

(11) The range of possible use of cable has been gradually increased 
until, by 1920, conversation was possible through 2,000 miles of cable. 
Methods have since been developed which will make conversation through 
15,000 miles of cable practically as good as a conversation from one 
room to another in the same building. 

(12) Improvements in the design and in methods of manufacture of 
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cables for local exchange use that have made it possible to increase 
greatly the number of wires which may be placed within a cable sheath 
of given size. By employing wires of smaller diameter, the maximum 
number carried in a single cable has been increased to 2,121 pairs. 

(13) Development of radio telephony and of means for associating it 
wdth wire lines, making possible telephone service from the United 
States to a large number of countries overseas and to vessels at sea. 

(14) Improvements in dial telephone apparatus and systems, enabling 
dial telephones to be used more advantageously in large metropolitan 
areas as well as in smaller cities and communities. 

(15) The discovery of new magnetic alloys — ^permalloy, molybde- 
num permalloy’’, permendur, and perminvar. The first two have made 
possible a reduction in the sizes and a decrease in the cost of loading 
coils required for telephone cables and have brought about savings in 
many other types of telephone apparatus. Permendur, used in the 
receiver diaphragms of the latest type of handset, is responsible for a 
marked improvement in that instrument. 

Advances in long-distance transmission. The cumulative effect of 
improvements and 'inventions in telephone apparatus and equipment is 
nowhere sho^m more strikingly than in the progressive advances in long- 
distance transmission that have been made from time to time. 

In 1881, there was opened the Boston-Providence line, 45 miles long; 
in 1884, the New York-Boston line, 235 miles; in 1892, the New York- 
Chicago line, 900 miles; in 1911, the New York-Denver line, 2,100 miles, 
and in 1915, the New York-San Francisco line, 3,400 miles. In 1920, 
regular commercial radio-telephone service w^as established between 
Santa Catalina Island, about 30 miles out in the Pacific Ocean, and 
the mainland near Los Angeles, California, at the latter point making 
junction with the local and long-distance wires of the Bell system 
throughout the United States. In 1921, came the opening of the Key 
West-Havana submarine telephone cables, bringing all the principal 
places in the United States into communication with Havana and other 
important places in Cuba. In 1923, submarine telephone cable was 
laid connecting Santa Catalina Island with the mainland, superseding 
the radio-telephone service. In 1925, after 7 years of construction work, 
a stormproof cable, 861 miles in length, connecting New York and 
Chicago, was finished and put into service; and in 1926, it was extended 
to St. Louis. The 850-mile extension of the New York-St. Louis all- 
cable line to Dallas was opened for service in January, 1933. By means 
of this addition to the cable network, a direct New York-Dallas circuit 
about 1,850 miles long was established. Of cities in the United States 
of 50,000 or more inhabitants, 75 per cent are connected with the toll- 
cable network of the Bell system. 

To the original Transcontinental Telephone Line, opened in 1915, 
have been added three other routes for coast-to -coast service. A south- 
ern route by way of El Paso and Los Angeles was completed in 1923. 
In 1927, a northern transcontinental line was completed and opened to 
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public service which, west of Chicago, passes through Minneapolis, 
Fargo, Bismarck, and on to Seattle. The fourth transcontinental line 
by way of Kansas City, Albuquerque, and Los Angeles has since been 
constructed to supplement the central and southern routes. 

In 1927, service between points in the United States and the principal 
cities of Mexico was inaugurated by the ceremonies in which the presi- 
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Pig. 2. A Bpheer at work m a manhole joining together two ends of big cable. 
Eacli of the many hundreds of strands must be connected to its proper mate The 
probo-liko mstnimcnt m his right hand signals to him tlnough his earphones wlien 
he has the right one. This device, known to telephone men as a ^‘bhffy sniffer," 
enables him to locate any particular pair in a fraction of a minute, whereas the old 
method might lequirc many minutes. Insulation of different colors also guides him 
by narrowing down the choice 


dents of the two Kepublics exchanged greetings over a circuit connecting 
Washington, D. C., and Mexico City. 

The Bell system’s underground system. Of the Bell system’s 
83,000,000 miles of wire, 50,000,000 miles are enclosed in lead-covered 
cables in underground conduits, including about 6,800,000 miles of toll 
wire. Sixty-five per cent of the exchange wire of the Bell system is in 
underground cables. The exchange and toll underground cables are laid 
in more than 625,000,000 duct feet of copduits. 





Fig 3 Section of largest telephone exchange cable m use is shown at left Ini- 
pro\ed technique of insulation has made it possible to enclose 2,121 pairs of 'Wires 
within a cable no thicker — only inches — than the 1^18-pair cable on the nght 

Se\enty rows of poles, each holding aloft 60 wires, would be required to can^” 
the ^vlres contained in this one cable 

high-grade, open-wire toll lines threatened to check permanentb^ the 
gro'vrth of the telephone system. In 1881, the engineers began to apply 
themselves to the special study of overhead and underground cables and 
the improvement of telephone lines. In 1882, experimental cables were 
laid for a short distance along a raihoad track in ^Massachusetts. 
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Earlj^ in 1909, a sleet storm swept the Atlantic seaboard, paralyzing 
communication and isolating the capital at the time of President Taft^s 
inauguration/' This caused the Bell engineers to intensify their efforts 
to make wire-burying possible, with the results that an underground 
telephone cable was completed in 1913 between Washington and Boston, 
a distance of 455 miles. 



Conriesy, Western Electric Company 


Fig 4. A partial view of the paper pulp insulating machine which played a large 
part in making it possible to put 4,242 wires in the space formeily occupied by 3,63G 
Starting with bare copper strands and pulp, the machine manufactuies a tiiin coating 
of paper directly on the wire. Result: 3/1,000 of an inch saved in the thickness of 
each, totaling enough to make room for 606 more wires in a cable of the same girth 

In certain localities where the requirements for underground cables 
are not sufficient to justify conduits and the conditions are otherwise 
suitable, cables having adequate protective coverings, in addition to tlie 
lead sheath, are buried directly in the ground for cither toll or exchange 
service. This is usualty done by means of a special type of plow 
Since 1930, w’hen buried cables first came into extensive use, over 800,- 
000 miles of wire in buried cables have been placed in sendee. A siini- 

®See ‘Trom wires to cables/^ p. 777. 
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lar method is used for burying rubber-insulated paired wire, a specially 
designed type of which has been developed for use in rural service. 

The cable sheath. Up to 1912, the sheaths of cables used in the Bell 
system contained about 3 per cent of tin alloyed with lead. As a result 
of laboratory experiments and field tests begun in 1907, a new alloy was 
adopted, consisting of about 1 per cent of antimony alloyed with lead. 
This proved fully as satisfactory as the lead-tin alloy and was less expen- 
sive. 

Cable development illustrates concretely the value of the research 
work carried on by Bell-system engineers. In 1888, the standard cable 
was capable of accommodating only 50 pairs of wires and cost between 
S150 and $160 per pair-mile to install, including the cost of ducts. 
Through constant experimentation, means have recently been found of 
increasing the number of wires so that a cable 2% inches in diameter 
containing 2,121 pairs of Number 26 gauge wire is being manufactured. 
As contrasted with the 50-pair cable of 1888, the cost of this latest cable 
installed is in the order of $10 per pair-mile. 

Radio telephony. Thorough research and extended experience dem- 
onstrate that the field of the wireless telephone is in maintaining com- 
munication between ship and shore, from ship to ship, or for talking from 
the ground to moving aircraft, or from airplane to airplane, or as an 
extension of the wire system bridging strips of desert or bodies of water, 
where it is impracticable to employ wires. 

Before the advent of the three-electrode vacuum tube, attempts to 
communicate by radio telephony were discouraging. In 1912, Bell-sys- 
tem engineers began development of the tube as a long-distance wire 
telephone amplifier, or repeater. So satisfactory were the results that 
work was immediately begun on much larger tubes, to be applied to radio 
telephony. 

The first successful demonstration of radio telephony, employing 
vacuum tubes, took place in 1915, when speech was transmitted from 
Montauk Point, Long Island, to Wilmington, Delaware, a distance of 250 
miles. Later in the year, messages from Montauk Point were received 
at Jekyl Island, off the Georgia coast, 900 miles away. Messages from 
New York, carried by land lines, were automatically relayed to the radio 
equipment at the Long Island station and received in Delaware and 
Georgia — the first experimental use of radio as a supplement to wire 
telephony. 

Overseas telephone service. Experimental transoceanic telephony by 
radio was first achieved in October, 1915, when speech was carried by 
electric waves from the Arlington station, near Washington, D. C., across 
the Atlantic to the Eiffel Tower, Paris, and also across the American 
continent and the Pacific to Honolulu, in the Hawaiian Islands. The 
air-line distance from Arlington to Honolulu is nearly 5,000 miles. 

Wliile the First World War delaj^ed development of overseas service, 
on January'' 14, 1923, the Bell sj'stem carried out a successful demonstra- 
tion of one-way transoceanic radio telephony when a group of telephone 
officials in New York talked for two hours by wire and radio to a group 
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of scientists and engineers assembled in London for the test. On March 
7, 1926, for the first time in the histoiy of communications, groups of 
people both in America and England conversed together by wire and radio 
during a test of two-way transatlantic telephony. 

The goal of this long experimentation was commercial service between 
America and England through the combined use of wire telephony and 
radio. On January 7, 1927, President W. S. Gifford of the American 
Telephone and Telegraph Company formally opened commercial service 
between New York and London. 

The scope of the service was thereafter gradually extended on both 
sides of the Atlantic; the hours of service were lengthened and the 
charges reduced. The demand for the service increased to such an extent 
that it became necessary to supplement the original long-wave radio 
circuit, and several short-wave circuits were added. 

In 1930, radio-telephone service was established for the first time be- 
t\veen North America and South America. In the same year, service 
was extended to Australia by way of the transatlantic circuit and a 
radio circuit between Great Britain and Australia, 

The iohowing year impoitaut iisland gvoups m 
Java, Sumatra, and the Canary Islands — ^\vere included in tlie widening 
horizon of American callers, and a ucav radio center near San Francisco 
began the conquest of the Pacific by adding Hawaii. 

During 1932, two major sections of the African continent — Egypt and 
South Africa — ^^vere reached as well as Siam in Asia. Another new radio 
telephone center was constructed near Miami, Florida, to provide service 
with the Bahamas and countries bordering the Caribbean. 

Among countries brought within the reach of American telephone users 
in the following years were the Canal Zone, the Philippines, Alaska, 
India, Japan, and China. 

From any part of the United States, telephone connections can now be 
established with a total of 38,000,000 telephones, or about 93 per cent 
of all the telephones in service in the world. 

During ship-to-shore radio experiments in 1920, two-way telephone 
communication was maintained for several months between several cities 
and two ships, the messages going by wire between these cities and the 
Bell system^s experimental radio station at Deal Beach, New Jersey, 
and thence to the ships by radio. 

In 1929, a regular service was instituted between shore telephones of 
the Bell system and the S. S. Leviathan, and today more than a score 
of large ocean liners have the facilities for regular telephone communi- 
cation with the land. 

In 1934, a ship-to-shore radio-telephone service was initiated for small 
boats operating in the vicinity of Boston, Massachusetts. Coastal and 
harbor radio -telephone service is now also available through radio- tele- 
phone shore stations at New Y’ork, Philadelphia, Noifoik, Miami, San 
Francisco, Los Angeles, Seattle, Lorain, Ohio, Lake Bluff, 111., Port 
Washington, Wis., and Duluth, Minn. More than 1,000 boats have 
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inslniled radio telephones, and tliey can communicate through the shore 
stations with any Bell telephone. 

The telephone central office. The telephones first placed in the 
hands of the public \scrc leaded in pairs. Tlic lessee put up his own 
telephone wire to connect his telephone wdth that of a friend or neighbor, 
or ran the lino between his home and his place of business At first, 
there was no way in which he could talk by tclcplione n*ith the other 
individuals in the community who, like himself, had leased a pair of 
the early instruments. 

It was the development of the telephone switchboard that made pos- 
sible the interconnection of individuals and of communities, and thus 
broaricned the telephones u^^cfulncss to the public. What gives the 
telephone its great value today is the fact that it can be connected any 
time with any one of some 20,000,000 other telephones in tlie United 
States alone. 

The switchboard and apparatus associated with it together comprise 
a central office. The lines, instruments, and other facilities by which 
the telephones of a community are given service are called collectively a 
“Iclcpliono exchange/' In small communities, an exchange may include 
only one central office, while in larger communities it may contain many 
of these offices, in wliich case the community is known as a ^'multioffice 
exchange '' Central offices arc connected by telephone lines called “trunk 
lines.” The lines that connect exchanges are called “toll lines.” 

A widely used method of making telephone connections utilizes switch- 
boards operated by women who are called “operators.” Because the 
work of establishing the connections and disconnections is done by hand, 
switchboards of this type are called “manual switchboards.” When this 
w^ork is done mechanically^ the telephones arc equipped with dials and 
the central offices serving such telephones arc called “dial-system central 
offices.” 

Alunual switchboards arc divided into two kinds, depending upon the 
manner in which power supplied for tlie talking circuits and the 
method of signaling the operator. In one type of switchboard, the power 
is supplied from a central plant that is located at the central office. These 
are called “common-batteiy switchboards” and the subscriber signals 
the operator by removing the receiver from the hook. In “magneto 
switchboards,” on the other hand, the talking current is supplied by 
batteries installed on the subscriber's premises, and the subscriber signals 
the operator by turning a small crank on a magneto generator. Magneto 
switchboards are used only in some of the smaller communities. In the 
larger communities, both common battery manual and dial-system cen- 
tral-office equipment is used. 

What the switchboard does. Three segregated pairs of telephones 
gives three talking lines. Unite three pairs of telephones by means of a 
central-office switchboard, and an intercommunicating system is formed 
which permits estabhsning 15 different communications where only three 
were possible before. An exchange system with 10,500 telephone lines 
gives 55,119,750 paths of communication. Putting it the other way 
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around, if it were physically possible to connect 10,500 telephones with- 
out a central-office switchboard, so that communication would be possible 
from each telephone to every other telephone in the group, it would 
require 55,119,750 talking circuits — that is, there would have to be 5,250 
circuits multiplied 10,499 times. 


Dial equipment Exhaustive investigation and experiments by Bell- 
system engineers and others over a long period of years resulted in the 
production of types of dial-operated central ofiBces which meet satisfac- 
torily even the most exacting service conditions. For some years, the 
Bell system has been gradually introducing the dial system where W’ar- 
ranted by economic and service conditions. At the beginning of 1939, 
more than 8,250,000 Bell-ovmed telephones w’ere operated from dial- 
system central offices — over 52 per cent of the total. 

With the dial system the subscriber, after taking the receiver from 
the hook, instead of giving the number wanted to an operator at the 
switchboard, ^^dials^^ it by means of the dial at the telephone instrument. 
The dial central office is not operated entirely automatically but uses 
many operators for special purposes. Also, more men are required for 
maintenance of the equipment than in a manual office. 

Dial service is more accurate than manual and somewhat faster; it 
also provides complete operating facilities for unusual volumes of busi- 
ness in times of emergency or in normally light traffic periods, when 
manual operating forces are on a skeleton basis. 


^ Teletypewriter service. The teletypewriter is a means of transmit- 
ting written conversation just as the telephone is a means of transmitting 
vocal conversation. This form of communication service uses machines 
which, in many respects, are similar to typewriters. By means of key 
boards, electrical impulses are transmitted over a line, the character of 
these impulses being such as to cause the direct reproduction of messages 
in typed form on one or a number of similar machines that may be in 
offices across the street or across the continent. 

There are two types of teletjpevsTiter. One reproduces messages on 
st^dard-size pages, the other types on a narrow paper tape. 

TeletypevrTiters are extensively used by the large press associations 
for transmitting much of their news traffic over Bell-system circuits, 
ihe rapidity of the ser^dce makes it especially useful in connection with 
soc "-exc lange report traffic. Brokers, too, are large users of teletype- 
writer service for the speedy transmission of short statements, requests 
for prices and other market information between their offices. 

tion n.d f , in the administra- 

branchet large business enterprises with plants, warehouses, 

inSij rcnlf P°“ts. Orders, specifications, 
ac?nr.cv’ I fo ’ f “'=®snges in which speed and 

the varinirs rapidly transmitted by teletypewriter among 

panics “nnufacturing, and other com- 


Commerce uses more than 400 tcle- 
tjpewriters, located at more than 300 points— such as airports, weather- 
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reporting stations, and so forth — for the transmission of weather reports 
along the country's air routes. Commercial aviation companies are also 
users of the service, which effectively promotes safetj’' in flying by fur- 
nishing departing aviators with up-to-the-minute information as to 
weather conditions that will be encountered. In many cases, the infor- 
mation thus transmitted to the airport is relayed to aviators in flight 
by radio telephone. 

The tektypc\vritcr nho rendering invaluable service to the police 
as a means of sending out alarms for escaping criminals, descriptions 
of missing persons and of stolen property, and the like. In these da 3 "s 
when the automobile hv^s facilitated quick escai^e, electrical communica- 
tion is cspcciallj" neccssaiy for the interception of fugitives from justice 
Teletypewriter installations connecting police headquarters with outtydng 
precincts or linking up the police stations of neighboring towns through- 
out a county or a state provide the means for sending alarms to all the 
connected points simultaneously and obviate calling each place in turn 
State-wide tcletyq>cwriter systems servo the police of many states. New 
York City", Boston, Chicago, Washington, and numerous other cities have 
also availed themselves of this means of combating crime. Man^’’ of 
these systems in adjacent states are interconnected, and all are coordi- 
nated with the various local police radio systems. 

Teletypewriter centrah^ The varied ways just mentioned of apptydng 
telety’^powriters to the needs of business and Government repeat the early 
history of voice communication, since they involve the private use of 
wires for connecting fiNed points, as was the case with the early tele- 
phones. The introduction of the first commercial telephone switchboard 
in 1878 opened up the possibility of an interconnecting service. A simi- 
lar stage in teletypewriter usage was reached in 1931 through the devel- 
opment of a switchboard permitting the interconnection of teletype- 
writer circuits. This made possible tbe estabiishment of central offices 
and the institution of a general teletypewriter service whereby users 
can, upon request, be connected through the switchboard with other 
users for the interchange of typewritten messages, just as telephone serv- 
ice permits the interchange of the spoken word. 

Pictures by wire, A method for the transmission of pictures over 
telephone lines developed by Bell engineers was first demonstrated in 
1924. A successor to this system is now in daily use, permitting the 
transmission of photographs of important events coincident with news 
accounts. 

The first public demonstration by wire and wireless of television, or 
“distant seeing,’^ as developed by the technical staff of the Bell system, 
took place on April 7, 1927. Participating in the demonstration at 
Washington, D. C., and’ New York City were notable gatherings of 
leaders in the fields of science, industry, and public affairs. Those who 
talked from the Bell Laboratories in New York were able to see plainly 
the features of those in Washington with whom they conversed over the 
long-distance circuits of the Bell system. By means of a larger screen 
and loud speakers, all those present in New York were able to see the 
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speakers at the national capital and to hear the conversations over the 
wire. 

This television demonstration between Washington, D. C., and New 
York over the telephone circuits of the Bell system was followed by a 
demonstration of television by radio between the Bell Laboratories in 
New York and an experimental station of the laboratories at Whippany, 
New Jersey. In 1929, television in color was demonstrated at the Bell 
Telephone Laboratories. 

During the following year, two-way television was demonstrated over 
a wire circuit connecting the Bell Telephone Laboratories with the head- 
quarters of the American Telephone and Telegraph Company. 

By 1936, tlie developments in the Bell Laboratories of coaxial cable 
capable of transmitting more than 200 telephone conversations had pro- 
gressed sufficiently so that an experimental installation between New 
York and Philadelphia could be undertaken to determine more com- 
pletely the capabilities of this new system under actual field conditions. 
Late, in 1937, motion pictures were transmitted over this coaxial cable, 
which showed that its general characteristics were suited for television 
purposes. 

This cable has now been equipped with repeaters at more frequency 
intervals and is being tested for a wider frequency band which will in- 
crease its telephone capacity to about 500 channels. Further experiments 
are being made looking forv^ard to possible future demands for high- 
quality television circuits. 

Economic SisniFicance of the Telephone Industry 

Much of the growth of American business over the past 50 years can 
be directly or indirectly attributed to the telephone. It stimulates buy- 
ing and selling of commodities and service. Through it billions of dol- 
lars worth of business is transacted each day. Europe, South America, 
Australia, and Java are within calling distance of the United States; 
the isolated farm is brought in contact with the city markets. The tele- 
phone enters into cverj’’ phase of private and business life. Our police 
and fire departments must have telephones, or the sendees they render 
would be drastically curtailed. The telephone brings the physician and 
the patient into speedy communication. The corner grocer delivers food 
to the housewife who has ordered by telephone. With our nation-wide 
telephone system ready for instant use, the alert and progressive business 
executive can sit in his office and control the operations of thousands of 
employees in different plants tliroughout the country. 

Beneath the streets of our cities lie lead-sheathed telephone cables. 
The largest of Uicsc, not much larger tlian a man’s wrist, contains 4,242 
wires, constituting 2,121 circuits. Eighteen hundred persons connected 
to one end of .^uch a cable can talk simuliancousl}^ with the same number 
connected to the other end without any contusion. Each of those 1,800 
conversations is kept separate and cannot be overheard. There is no 
cross-talk from one circuit to another, thougli the insulation between is 
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but thin paper. Through such a cable with 1,800 individuals connected 
at either end, more than 1,600,000 conversational combinations are 
possible, but the traffic is so handled that wrong connections are relatively 
few. The stream of talk flows on, literally speaking, without let-up or 
hindrance through the city^s hidden nervous system. 

The telephone industry is comparable to our railroad and electric 
power industries from the standpoint of its fundamental importance in 
our present economic structure. It would be difficult to imagine the 
chaos which would descend upon us without warning if the telephone 
service were discontinued. 

The telephone industry today. During 1939, the Bell system gained 

775.000 telephones, as compared with 430,000 in 1938 and 876,000 in 
1937. At the end of the year 1939, an all-time high of 16,536,000 Bell- 
system telephones in service was reached. 

Also a new high record was the number of Bell-system telephone con- 
versations in 1939, with local conversations well above, and toil and long- 
distance conversations slightly below, the previous high. The daily 
average number was 73,802,000, an increase of 3,906,000 over 1938. 
There were 6.6 per cent more local conversations and 5.5 per cent more 
toll and long-distance conversations than in 1938. 

About 6,500 independently owned telephone companies and more than 

40.000 rural lines in the United States have direct or indirect connecting 
arrangements with the Bell system and share with it the responsibility 
of furnishing nation-wide telephone service. Including the approxi- 
mately 4,200,000 telephones of connecting telephone companies and 
rural lines, there were, at the end of 1939, about 20,750^000 telephones 
in the United States, practically any one of which can be connected 
promptly, not only with any other telephone, but with 93 per cent of 
the telephones in the world, except for those under restrictions in cer- 
tain countries because of war. While the total number of telephones in 
the United States at the end of 1939 was the largest that it has ever 
been, the number of telephones per 100 population was 15.9, which is 
slightly lower than the previous high of 16.4 in 1930. Thus, the increase 
in the number of telephones over 1930 was a little less, proportionately, 
than the increase in population. 

In 1939, the Bell-system gross operating revenue was $1,107,188,000, 
an increase of $54,530,000 over 1938, and the most in the histoiy of the 
system. The total net income of the system applicable to American 
Telephone and Telegraph Company stock was $190,281,000, an increase 
of $34,738,000 over 1938. 

Taxes continued to rise, and the total for 1939, including taxes charged 
to construction, amounted to $158,905,000, an increase of $11,474,000 
over 1938, which year in turn showed an increase of $9,748,000 over 
1937, Taxes in 1939 were equal to about 82 cents per month per tele- 
phone. 

Forecasting the nation^s telephone needs. WHien a new subscriber is 
provided with a telephone, there is given over to his use a share in the 
pole lines, underground cables and conduits, switchboards, exchange 



802 


THE TELEPHONE INDUSTRY 


buildings, and everj^ other part of the complex mechanism of the tele- 
phone plant* 

Obviously, this equipment could not be installed for each new con- 
nection. Practically everj’^thing but the telephone instrument must be 
in place at the time sersdee is demanded. 

This anticipation of the public^s need involves a forecast by specialists 
among telephone engineers and statisticians that calls for intensive study 
and anal}d:ical skill in order to arrive at judgments that are of such far- 
reaching importance to the public. Increases in population in city and 
country’' must be calculated, and the growth of business districts must be 
determined, if a workable estimate of the number of possible telephone 
users and their approximate location is to be obtained. 

The fields of sociology and economics, of geography and geolog}% of 
commerce and industry’', are explored in this search for factors to be 
studied that may affect the growth of the community or district under 
consideration. 

lAliere the coming generation will live and work is the concern of these 
engineers. Homes, shops, banks, theaters, factories, office buildings, and 
transportation sj^stems yet to be built are in the forecast. Indications 
of gro^vth and development in exery department of civic expansion are 
traced and studied. Communities and other ser\dce areas, as they will 
exist two decades or more in the future, are what this forecast seeks to 
imagine, and upon this picture is imposed the most economical and efiS- 
cient telephone system possible that will continue equal to the ever- 
growing needs of the people. 

The construction, operation, and financial programs of the Bell system 
have their foundation on these scientific investigations. The necessity 
of foresight is evident when it is realized that, during the past year, 
774,709 telephones have been added to the Bell system and that, during 
the same period, the Bell system has spent §214,289,622 on maintenance 
of its equipment to give the nation its needed ser^dee. As a measure of 
this demand in proportion to population, the system’s extension in 5 
years is equal to the total telephone progress of Europe since 1876, the 
year the telephone was invented. 

A TELEPHONE CHRONOLOGY 

1876 First teleplione patent is issued to Alexander Graham Bell. 

First complete sentence transmitted by telephone. 

First two-way telephone transmission over an outdoor line, 2 miles, Boston to 
Camhridgejxirt. 

1880 47,900 telephones in the United States, all Bell-on*ned. 

1881 Conversation by overhead line, 45 miles — ^Boston to Providence. 

Conversation by underground cable, % mile. 

18S4 Conversation by overhead line (hard-dranm copper), 235 miles — Boston to 
New York. 

1890 227,900 telephones, all Bell-owned. 

1892 Conversation by overhead line, 900 miles— New York to Chicago. 

1900 855,900 telephones ornied by or connecting with Bell system, 

1902 First conversation by long-distance underground cable — New York to Newark. 
1906 Conversation by underground cable, 90 miles— New York to Philadelphia. 
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1010 5,S83,000 telephones owned hy or conneeling with tljo ndl Fystem. 

1011 Conversnlion hy overliend line, 2,100 miles — Nmv York to Denver. 

1913 Convcrsnlion hy overhead line, 2,(»00 miles — New' York to Sail I^ke City. 

Convert Alion hy umlergromu! eahlo, 455 miles — Boston to Wnshmpton. 

1915 Firi^t eonversAtion hy transcontinental lino, 3,01)0 miles — Tioston to San Francisco. 
Speech tran^^miticd for the first time by radio tolcplionc from Arlington, Va., 
across the continent to Sun Francisco, to Hawaii, and across tlic Atlantic to Paris 
3920 12,002,000 telephones owned hy or connecting with lid) wtem, 

1921 Conversation hy <iee^>^ea cable, 115 miles — Key WcFt. Fla., to navana, Cuba. 
First conversation I between Havana and Catalina island hy submarine cable, 
overhead and underground hne^ and radio telephone — distance 5,500 miles. 
KxtenMon of Jtoston-Philnddphia table to Ihttsburg)} — total distance 021 miles. 

1922 Shipdo>s)iore conversation l»y w ire and w irdess betw con J oil telephones in homes 
and otlices and the S,*^. Avirrirn 400 miles at sea in the Atlantic. 

1923 Successful tlcmonslration of tnm‘?oc<»amc radio telephony fiom a Bell telephone 
in New* York City to a group of scientists and journalist h in New Southgate, 
England. 

First broadcasting of a pre'^nlential me>^uge to Congress 
Completion of Stnithem transcontinental line. 

1921 First public demonstration of picture tinnsniLssion ovei t^^Iephone circuits — New* 
York and Cleveland. 

1925 New' York-Chicago TVlephone Cable completed— *o\ci head — underground. 

10.720.000 tdcpliones interconnected in the United States. 

1020 Successful test of two-W’ay transatlantic radio telephony. 

New York-Chicago, nli^,ablo telephone line extended to St. Ixiuis. 

1927 Transoceanic telephone peruce inaugurated betw or n New York and London. 
Northern Iranscontinental telephone line formally opened. 

First public demonstration of television hy wire and ratlio. 

Telephone Bcrvice opcnecl between the United States and Mexico, 

192S Transoceanic telephone .scr\*icc extended to principal countries of western 
Euroj>e. 

1929 Ship-to-shoro teleplionc service established. 

1930 Transoecanic telephone service opened to South America and Austnilia. 

^Fwo-way television demonstrated hy Bell-system engineers. 

20.098.000 telephones interconnectc<i in the United States. 

1931 TcIolyi>cwTriter exchange service inaugurated. 

Fourth telephone cable to Cuba opened, 

Tran«50ceanic servuce extended to Java, Sumatra, Bermuda, Knw’aii, and the 
Canary Islandfj. 

1932 Transoceanic service extended to South Africa, Egj'pt, Siam, and the Bahamas. 

1933 A telephonic cj'stem for higli -quality tmnsmission and reproduction of orchestral 
music domon‘itratcd hy Bell-system engineers. 

Tran'^oceanic service extended to the Philippines, Canal Zone, and Central 
American countries, and to Palestine and India in A<-ia. 

193 1 Transoceanic service extended to Japan. 

1935 First telephone conversation around the world. 

1937 Transoceanic service extended to China, Bulgaria, Alaska, Haiti, and Iraq. 

93% of world^s telephones within reach of any Bell-system telephone. 

1938 Direct radio telephone circuit established lictwccn San I'rancisco and Australia. 
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Introduction 

people appreciate the commercial importance of the motion 
picture industry.” “ Few stop to ponder the enormous potency of this 
medium of entertainment which has become the universal recreation of 
the people. The screen is so taken for granted as a part of daily life 
that few realize how swift has been the progress of the motion picture 
from a mere visual novelty to a new and vital art, how spectacular has 
been the rise of the American motion-picture industry out of small, 
diverse beginnings to a series of great national and international under- 
takings in entertainment service. 

In 1900, there was not a single movie theater in the United States. In 
1910, vacant stores and warehouses were the only movie ^^palaces.^^ 
The crudest melodrama flickered on the screen. No “stars” shone in 
electric lights, and the actors and actresses oTf these early film days 
were nameless to the audience. In I 92 I 5 the American motion-picture 
industry was a bedlam of disorganization from the public and industrial 
standpoints, with^ no possible industry program in sight. 

In little more than a generation the motion picture has progressed 
from the peep show to the talking drama, traveled from the nickelodeon 
to the movie palace, and moved from the roof-top studio to the great 
studios of Hollywood. A world audience of more than 235,000,000 
people has been created for the movies Chaos has given way to self- 
regulation in the industry Through cooperation and self-discipline, 
constantly higher standards of production are being evolved for the 
screen, and the whole world of literature, music, and entertainment is 
being encompassed in its service. 


' This cliaptcr was written in cooperation with Motion Picture Producers and Dis- 
tributors of America, Incorporated Its authors wish to make particular acknowl- 
edgment to Terr}'' Ramsaye, author of A AJi/ho?i and One to Professor H. T. 

Lewis (editor), ‘‘Cases on tlie Motion Picture Industry,” in Harvard Btmness Re- 
j)orlSf Vol. VIII, to The Motion Picture Almanac (New York: 1939) ; to Film Daily 
Yearbook (New Yoik: 1940); and to Fzbn Facts, hicorporated (New York: 1940). 

’Lewis, op, cil., p, 3. 
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Invention and History of the Motion Picture 

The world owes the commercially practical motion picture to a happy 
coincidence of the inventive genius of Thomas A. Edison, who first con- 
trived a marketable motion-picture camera, and of George Eastman, 
who perfected the flexible photographic film just at the time when 
Edison needed it. 

Behind the work of these two men lay centuries of experiment in the 
fields of optics, mechanics, and chemistr 5 ^ The scientific principles 
involved had been well-established. The phenomenon of the persistence 
of vision had been obseri’^ed in the spinning coin, which reveals both its 
sides to the eye at once. It had been applied in a toy known as the 
^%agic wheel, or '^zoetrope,’^ which whirled a scries of painted figures 
into the appearance of a horse in motion. Photography had been dis- 
covered,* and the magic lantern. It remained to synthesize these prin- 
ciples. 

Contributions of Edison and Eastman. When Edison attacked the 
problem, several inventors had already taken groping and tantalizing 
steps toward a solution. The “Wizard*' saw that a camera capable of 
taking photographs in rapid succession must be devised; some substitute 
for the cumbersome glass plates must be discovered. He tried a revolv- 
ing cylinder; it worked, but not satisfactorily. This was in 1888. 
Edison realized that he must have some photographic material which 
could be fed into a camera, and subsequently into a viewing machine, 
on a belt. Someone told him about Eastman's new cellulose nitrate film; 
he tried it, and the problem was solved. 

Early beginnings of the industry. The motion-picture business began 
in 1894, with the opening of the first peep show in iS3ew York. But the 
Edison kinetoscope, which could accommodate only one spectator at a. 
time, did not satisfy the public. The motion picture needed the screen, 
and a secret race to invent a projection machine began. Several in- 
ventors succeeded simultaneously, a circumstance which kept the indus- 
try in patent litigation for many years. On April 23, 1896, the Annat 
Vitascope, manufactured by Edison, received its first public showing at 
the Koster and Bial Music Hall in New York Breaking waves, a bit of » 
a prize fight, and a dancer flickered briefly on a sheet, and* screen enter- 
tainment had been born. 

The first motion-picture house — ^the nickelodeons. For several ^^ears, 
the vaudeville houses were the chief outlet for motion pictures. Then, 
in 1905, John P. Harris and Harry Davis, Pittsburgh real-estate opera- 
tors, put a movie projector, a piano, and 99 seats into a vacant store- 
room, advertised The Great Train Robbery (the screen's first story, made 
2 years before), charged a nickel admission to the one-reel sho'w — and 
packed them in! At once nickelodeons sprang up everv’^where. Many 
of the men who were later to become leaders of the industry — Adolph 
Zukor, William Fox, Marcus Loewj Carl Laemmle— began with these 
store shows and the penny-arcade kinetoscopes. By 1907, there were 
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5,000 nickelodeons; the picture public was growing by the hour, and the 
producers were swamped with demands for film. 

Pooling the motion-picture patents. In 1906, both the Biograph and 
Edison Companies, chief rivals in the patent wars, set up large studios to 
supplant their roof-top and backyard methods. In 1908, a truce was 
reached, and the Motion Picture Patents Company was formed to pool 
all patents and to license picture producers and exhibitors. For a brief 
period, the Patents Company held a strong position in the industry, but 
inertia put it out of business within a decade. Enterprising challengers 
sprang up/ inspired by a vision of the screen as an important new dra- 
matic art, and determined to lift the business from the narrow confines 
of the nickelodeon and its one-reel films. The “feature picture*^ arrived. 

The feature picture established. Adolph Zukor was the chief ex- 
ponent of the “big-picture” idea. He began by importing Sarah Bern- 
hardt^s Queen Elizabeth in 1912; 4 years later, he merged his own 
Famous Players Production Company with Lasky's, bought the Para- 
mount distributing organization, and stepped into the leading position 
in i.he industry. This period saw the rise of stars like Mary Pickford, 
Charlie Chaplin, Mae Marsh, Norma Talmadge, and many other favor- 
ites. In 1914, the Strand Theatre opened on Broadway, the first large 
theater devoted to motion pictures. In 1915, D. W. Griffith's Birth oj a 
Nation opened for a long run on Broadway and a nation-wide popularity 
which was to endure for years. The new art of the feature picture was 
established, and the nickelodeon was rapidly on the way to extinction. 

Organizing the motion-picture industry. A new integration of the 
industry — horizontal mergers of producers, distribution exchanges, and 
theaters, and vertical consolidations of all three groups — on apace. 
In 1922, a new step to stability was taken through the organization of the 
Motion Picture Producers and Distributors of America, Incorporated, 
headed by Will H. Hays, Postmaster General in tlie cabinet of President 
Harding. Year by year, the industry grew in technical proficiency and 
in appeal to increasingly large audiences. The pattern of showmanship 
and the problems of the business seemed to be fairly well-established and 
understood. 

Advent of sound picture. Then came sound, and the whole industr}' 
was again revolutionized. New production methods, both technical and 
artistic, had to be evolved; new studios had to be built and theaters 
had to be wired with sound equipment; every uncertainty of an expensive 
innovation confronted the industry. The industry took all tliis in its 
stride. The. result justified the thoroughness of the iudustiy's decision. 
Dialogue brought to the theaters millions of new patrons. 

Tile advent of sound in the motion-picture theater came in 1926, but 
the change-over from silent pictures could not get fully under vay until 
about 2 years later. Warner Brothers was first in the field, with otlicr 
companies close behind. Synchronization of sound and motion pictures 
was not new, even then, but for the first time it was successful. Edison 
had combined his kinetcscope and phonograph as far back as 1894. 
Satisfactory’’ amplification of the voice remained an unsolved difficulty, 
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Motion Picture Production Code, During all this time, production 
standanis were being establislicd iu tlie form of resolutions adopted by 
the organized industr}^ through the Motion Picture Producers and Dis- 
tributors of America. Prom these came the first production code. 
Later, with the addition of sound to the motion-picture screen, it was 
found ncccssaiy to add new standards and restate the principles that 
governed the production of motion-picture entertainment. This resulted 
in tlie present ^Motion Picture Production Code, announced by the indus- 
try in March, 1930. 

Policies of motion-picture producers. The code, which has been 
subscribed to by all the leading people in the industr^^, sets up both 
general piinciplcs and specific applications governing the pictures to be 
made by any member of the Motion Picture Producers and Distributors 
of America. The principles laid donm in the code follow: 

(1) No picture shall be produced which will lower the moral stand- 
ards of those who sec it. lienee the sympathy of the audience should 
never be thimm to the side of crime, wrongdoing, evil, or sin. 

(2) Correct standards of life, subject only to the requirements of 
drama and entertainment, shall be presented. 

(3) Law, natural or human, shall not be ridiculed; nor shall sym- 
pathy be created for its violation. 

The code, a voluntary agreement entered into by the member com- 
panies, is administered by the association through the Production Code 
Administration. Code machinery is available to all producers, foreign or 
domestic, whether or not they are members of the association. 

Similar standards have been set up for advertising by a separate code. 
The development of constantly higher standards of production in the 
motion-picture industry is, from the social standpoint, obviously a vast 
educational process. The success of the system can be measured, not by 
perfection, but by progress. 

Marked social progress of the screen. The veiy marked social 
progress of the screen is made evident by the reports published by pre- 
viewing bodies, representing large public groups engaged in the work of 
classifying films from the standpoints of adult, family, and child enter- 
tainment. Representatives of such national organizations as the General 
Federation of Women^s Clubs, Daughters of the American Revolution, 
International Federation of Catholic Alumnae, Young Men^s Christian 
Association, American Library Association, Boy Scouts of America, and 
similar bodies inspect motion pictures in advance of release and report 
their recommendations to their membership. 

Economic Significance of the Motion Picture 

Motion-picture enteriainment has taken its place with the major essen- 
tials in the economic world. With motion and sound and color at its 
command, the screen is able to bring to a vast popular market every 
service of entertainment, information, and education. 
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The motion-picture industry operates under a unique system whereby 
every product it releases may be merchandised from the highest to the 
lowest possible popular price range. Even in the crisis of war, movie 
entertainment has been defined as an essential service. No other form of 
entertainment offers such a wide variety universally distributed and at c 
price within reach of every stratum of the population. 

As in other industries where research and market development are 
legitimate costs of the business, entertainment research and development 
are constant^ in progress in the motion-picture industry. Taking the 
fact into consideration that the motion picture is an artistic as well as 
industrial product, the larger part of the expenditures involved in ex- 
perimenting with literary, dramatic, and other material is properly 
chargeable to enterprise. 

When valuable machinery is scrapped to make w’ay for newer and 
better processes, when vast research laboratories “waste” millions of 
dollars each year in investigation and discovery, when new lines of mer- 
chandise are manufactured to tap possible new markets, when every 
successful newspaper must buy twice as much material as it uses, when 
vastly more misses than hits issue from the publishing industry, the 
investment chargeable to enterprise is an accepted factor of business. 
But when a story bought for picturization is shelved because of produc- 
tion problems subsequently developed, when investments in entertain- 
ment personalities are made subject to the confirmation of public favor, 
or w’hen a finished film is refashioned in the attempt to make it better, 
the cost often seems “waste” to the iminitiated. 

The motion-picture industry, like other industries, has important prob- 
lems of management, and cost and control systems are constantly being 
perfected in every department of studio operations. 

Influence of the industry on other industries. The moving picture 
is a universal stimulus to all forms of American business. Its direct 
contributions are easily visualized. Translated into terms of family 
life: 300,000 of our people buy their necessities and luxuries alike with 
money earned in the production, distribution, and exhibition of motion 
pictures. The industry spends §57,000,000 each year in the one field of 
newspaper advertising. ^ The building industry, tlie electrical-supply 
trade, transportation, printing, heating equipment, fuel — ^these and many 
other fields depend for a considerable portion of their prosperity on the 
continued grovi:h and stability of the motion-picture industiy. 

Its indirect contribution to the world of business staggers the imagina- 
tion. The clothing of the farm boy cannot be distinguished from that 
wom^ by the city boy. Using the movies as a criterion of up-to-date 
wearing apparel, people fashion their clothes, in modification, after those 
seen on the screen. The fanner’s home and the city man’s home show 
the effect of motion pictures, for everything that is useful and beautifnl 
for the home is pictured on the screen, which creates the desire for pos- 
session. 

The motion picture, in fact, is not only a national but an international 
salesman. It brings America and its products to Singapore and China. 
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It has been said facetiously that the American motion picture has taken 
the fez off the Turk and put the derby on him instead, that it has cut off 
the Chinaman^s queue and parted his hair in the middle. It has made 
the bathtub a solace rather than a menace throughout the world. 

On the other hand, American films bring the whole world to our own 
doors. 


The Industry Today 

Today, the business of supplying motion-picture entertainment ranks 
among the leading industries of the United States. Its invested capital 
is estimated at 52,050,000,000. Every year it consumes 2,000,000,000 
feet of photographic film. 

Leading companies in the industry are associated in tlie Motion Picture 
Producers and Distributors of America and in the allied Association of 
Motion Picture Producers in California. 

Production 

Geographical locations of production — distribution centers. The 
twin capitols of the American movie kingdom are Hollywood and New 
York'—'Hollywood, the studio center, where virtually all American films 
are made; New York, the seat of distribution and financing. There are 
good reasons, which counterbalance the obvious disadvantages, for this 
geographical concentration of picturemaking 3,000 miles away from the 
home offices of the companies. Chief of these is climate and scenery. 
The motion-picture pioneers who first ventured out to California found 
there everything a film director could ask. They found plenty of sun- 
shine and little rain, and a great variety of natural settings within a 
short radius — mountains, seas, deserts, ruins, city streets, and even, 
crossing over into Mexico, the jungle. These advantages brought most 
of the studios to Hollywood and established that city as the production 
center of the industry. The coming of sound, bringing an increased use 
of indoor “shooting,’* has lessened the importance of the climatic and 
scenic factors; but because of the large investments in real estate and 
equipment and the concentration there of the motion-picture actors’ 
colony, it is likely that Hollywood will maintain its supremacy for a long 
time to come. 

First steps in production. The first step in making a motion picture 
is the selection of a stoiy’’; the next, the preparation of a budget. In 
these two steps is emphasized the fact that the making of film plays is 
not only an art but a business — a highl3" competitive business which 
uses extremely expensive raw materials. A definite cost figure for every 
picture is allotted in advance. The fact that the budget is occasionally 
exceeded perhaps emphasizes the fact that making pictures is not only a 
business but an art. 

Who makes the movies. Each studio in Hollj^wood is a small town. 
It has its office buildings, its theater and projection rooms, its streets, 
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and its industries, ranging from carpenter, paint, and blacksmith shops 
to electrical plants and dressmaking establishments. 

Housed within the gates of each studio are betw’een 2,000 and 3,000 
w'orkers — artists, wTiters, stenographers, architects, carpenters, painters, 
electricians, cameramen, laboratory" w^orkers, and sound men, to mention 
but a few of the 276 trades and professions represented. The actors 
themselves are only a small part of a studio’s population. 

Each studio has its owm individuality. Those situated in congested 
districts are compactly built to utilize every inch of space. Those oc- 
cupying sites in the suburban sections give a feeling of spaciousness. 
The studios usually have “ranches” somewdiere in the San Fernando 
Valley, w’here many of the large outdoor sets are built and where these 
scenes are shot. 

The production of a talking picture is one of the most complicated 
jobs in the world. Between an author and his novel stands nothing but 
his pen, between a painter and his canvas nothing but' his brush; but 
between the conception of a motion picture and the finished production 
stand many minds and arts. First, there must be a stoiy. The litera- 
ture of the world crosses a producer’s desk. Every^ important novel is 
read by the stopr department long before it goes on popular sale. The 
magazines provide a vast field of material. Trained scenarists are busy' 
on originals. Once the story' is selected, difficulties begin. One must fit 
the cast to the story' or the story' must be fitted to the cast. From begin- 
ning to end in WTiting a scenario, the research department checks every’' 
detail. The property department studies the script as it grows and 
begins to gather the required props. Every-thing must be ready-, do\sTi to 
the last ash tray on a desk. Then there is the business of costuming a 
picture. Architects, carpenters, and painters go to w'ork on the necessary' 
sets. 


Eventually the stage is set and cameras go into action. Sometimes a 
start is made in the middle of the script and at other times the last scenes 
arc shot first. Sometimes the entire cast must go on location. There 
is the job of sound recording, the scoring of music for the pictures, and 
finally the editing of the film. Every stage of production must be under 
expert supervision. Mistakes are costly. 

The producer is the guiding force in the making of a talking picture; 
10 IS chargea with responsibility for the starting and finishing dates, for 

SSn selection of story' material, and for the cast and 

irector The directors responsibility is to consolidate and to obtain 

to the picture wkat a con- 
ductor IS to an orchestra. 

production record in the larger Holly- 

mg difficult scenes. It v,nll average considerably less. Few pictures arc 
m^c in less than 30 days, and sometimes it takes a year. 
r,r,A time vou watcli a picture consider, for a moment, tlie time 

and care taken in perfecting the brief scene flitting before your eyes. 
Uceks and possibly montlis of preparation have preceded this minute on 
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the 6crccn» Art directors, set directors, heads of wardrobe and prop- 
erty departments, librarians, sound engineers, cameramen, directors, and 
producers — all have contributed their efforts and talent, along with the 
actors who inarch across the stage. 

Visitors to Hollywood arc always amazed at the amount of effort re- 
quired to film even the simplest scene, yet there is a minimum of waste 
in the studios today. It is arranging for the thousands of technical 
tilings which keep a picture moving and maintain suspense at a high 
point that takes up tlie time. Alotion pictures have never been made 
more skillfull}’' or more efficiently tlian they are today. 


TAcnn I 

THE PRODUCTION DOLLAR 


Cos/^! Per Cent 

Oist 25.0% 

Extras, bits, and characters 5 0 

Director lO.O 

Director assistants 2,0 

Cameraman arid crew . I *5 

Lights. 4 , * . • 2 0 

Make-up, hairdressers, and supplies .... .9 

Teacheis .2 

Crew and la))or 12 

Story pieparation 7.0 

Story costs . 5.0 

Costumes and designers . . . 2.0 

Sets and art directors ... . 12,5 

Stills and photographs .4 

Cutters . 10 

Film negative 1.0 

Tests 1.2 

Insurance . ... 20 

Sound — engineering and negatives ... . . 3.1 

Publicity, transportation, research, tech- 
nical, and Tnisccllaneous 20 

Indirect costs , . . , 15.0 


100 . 0 % 


Self-regulation. All through the writing of the scenario, the shooting 
of the picture, and the final editing of the film, members of the Production 
Code Administration — the industry's self-regulatory organization — 
actively cooperate with the writing and production units to see that the 
standards of good taste as laid down by the production code, voluntarily 
adopted by the industry, are maintained. 

Production personnel. In the 20 larger studios, there are approxi- 
mately 150 contract stars and about 400 feature players. In addition, 
there are 40 or more better-knonm stars and feature players wlio work 
on a free-lance basis, moving from studio to studio. There are 246 active 
directors in the motion-picture colony, 400 assistant directors, and ap- 
proximately 700 film writers. Tiiere are 650 trained , motion-picture 
cameramen. In the music field, composers, lyricists, and supervisors 
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make up a group of 210. Available for the musical pictures are from 
37 to 40 experienced dance directors. 

Activities of the central casting bureau. Among the examples of in- 
dustry cooperation through the association is the Central Casting Bu- 
reau at Hollywood for '^extras/^ the supernumeraries or small-part actors 
who are engaged from day to day as the demands of scenarios may re- 
quire. This bureau helps the studios by its efficient service and is also 
a boon to the players because it operates without cost to them. 

In the past 10 years, the average number of placements of extras has 
run from 800 to nearly 1,000 a day, with total annual wages running 
from $2,500,000 to $3,125,000. The total number of individuals used in 
the course of a year ranges just below 10,000. Of these, between 6,000 
and 7,000 earned less than $500 for the year, and the fortunate few in 
greatest demand — some 60 individuals — earned between $2,000 lind 
$3,000. 

Distribution 

The sale^ and physical distribution of motion pictures is handled by 
the sales department of each company or, in a few cases, by a separate 
organization which has contracted with the producer to distribute his 
pictures. 

Most sales of motion pictures formerly were made by seasonal con- 
tracts signed in advance. Under the system of *'block booking^’ — that 
is, the licensing of a group of films wholesale — ^the exhibitor could con- 
tract in one block for all or a large part of a given producer's film output. 

Sales practices have been changed, however, by a consent decree signed 
by five major motion-picture companies^ and approved on November 20, 
1940, by Federal Judge Heniy^ W. Goddard (U.S.D.C.S.D N.Y.-Eq. No. 
87-273) . Under the terms of the decree, which w^ent into effect on Sep- 
tember 1, 1941, the consenting companies agreed to limit wholesale 
selling to blocks of not more than five pictures. Trade showings of pic- 
tures must be held in each distribution territory so that exhibitors may 
have an opportunity to see them before licensing. 

Exhibition. Recent surveys place the number of motion-picture 
theaters now operating in the United States at approximately 17,000. 
The total seating capacity of American movie houses is set at 11,000,000, 
and the attendance is estimated at 85,000,000 admissions a week. 

The various types of motion-picture houses and their programs are no 
doubt familiar to everyone. There are the huge de luxe theaters in the 
dovmtown shopping and theatrical districts, presenting first-run feature 
pictures. In the residential districts arc the ^^neighborhood’’ houses 
The very large theaters change their programs once a week, or less fre- 
quently if the feature is sufficiently popular to hold over. The smaller 

Strictly speaking, ^ms are not sold to theaters. The distributor merely grants 
a license to the exhibitor to show a picture at a specified place and time, and lends 
him the necessary positive print. 

^ Paramount, RKO, Loew’s, Warner Bros., and Twentieth Centuiy-Fox. 
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hou^e.s huA’o two, three, or oven more diangcs of program weekly, de- 
l)ejuling upon their })alronage, and many show double features. 

To keep hi^ theater Mij>plicd witli onlcrlainniciit that will bring the 
public to liKs box ofiice is the chief concern of the cxJiibitor. It was cus- 
lonnuy for him to contract in advance, purchasing according to his best 
iudgmcnl from the offerings of (he competing companies, for enough 
pictures to fill an entire year’s playing dates. The changed methods by 
which ho now lmj> his films have been outlined in the section on dis- 
tribution. Advertising and exploitation of his programs (with the as- 
sistance of material supplied by the distributor) is another important 
function of the exhibitor. All details of theater management arc also in 
his Imnds. 

Foreign distribution; American motion pictures long ago became an 
international entertainment. Even today, in spite of the language dif- 
ficulties brought about by talking pictures and the stringent regulations 
impo^'cd by several foreign countries in an effort to encourage native 
studios, Hollywood produces the majority of films shoum in nearly every 
country' in the world. The extent of foreign distribution differs with 
each company, but it is estimated that 35 per cent of the rentals of feature 
films come from the foreign market in normal times. The langauge 
difliculty is met by the making of translated versions in foreign tongues. 

Financing 

The financial structure of the motion-picture industxy^ todaj" is no 
different from that of any other established and stable business. The 
companies arc capitalized through issuance of common and preferred 
stocks, listed on the stock exchanges, and additional financing is provided 
by the usual means of bonds, notes, debentures, mortgages, and so forth. 

Trade Practices of the Motion-Picture Industry 

Side by side with the mechanical and artistic progress of the screen, a 
83 "Btcm of trade practices, of absorbing interest to the student, has grown 
up in the motion-picture industr>\ Like the tlicatrical producer who 
''puts on” a play or the concert impresario who stages a concert, the 
motion-picture producer, although his product is on a film, is engaged in 
the business of entertainment service. The return on his investment and 
his enterprise must come from the relative success or failure of the enter- 
tainment production he rents out. Films arc licensed, not sold, to the 
individual exhibitor. 

Factors that determine the rental of a film. The exhibitor buys the 
right to exhibit the entertainment feature created by the producer. Un- 
like the producer who sells a commodity or a manufacturer who markets 
a product, the motion-pictuie producer cannot place a uniform price upon 
the entertainment scrvdcc he offers. The price in each case must be de- 
termined by the character and extent of the box-office draw. Thus the 
film for which a Broadway movie house pays many thousands of dollars 
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in rental may bring only $10 in a small country town. a given 

exhibitor should, can, and docs pay for any given film or group of films 
depends upon the location of his theater, tlic seating capacity, the prob- 
able drawing power of tlie pictures in his community, the time that has 
elapsed since the picture had been shown in other communities, and 
other factors — all of which tlie salesman and tlie exhibitor cast into the 
balance as they negotiate their bargain. Under this sy.stcm. every film, 
no matter how costly or successful, eventually reaches Die remotest village 
and hamlet. 

Percentage system. Of recent years, the percentage system of film 
rental, by which the distributor receives a specified share of whatever 
receipts the picture draws into the theater, has come into increased use, 
particularly at the more important houses. Sometimes a combination of 
a guarantee and percentage is the basis of sale. In the smaller theaters, 
the flat -rental system generally prevails. 

Theory of film rental. All -these systems arc based on the general 
principle that the theater should pay for the rent of a film a fair share 
of the revenue that film will bring to its box office. 

Special feature films. It is common practice among the large com- 
panies to produce annually a certain number of exceptional pictures 
known as ‘Specials, as di«^tinguislied from the “program” features which 
make up the bulk of the output. These “specials” have long runs on 
Broadway and in key theaters elsewhere and arc then sold generally on 
terms based upon their demonstrated popularit}". 

Receipts and selling expense of films. It is estimated that the large 
theaters in cities account for about 75 per cent of the total gross domestic 
receipts of each film. The remaining 25 per cent of the revenue, essential 
to profitable operation, is obtained at a much higher selling expense. 
Sales to the large chain operators are usuallj’' made through the home 
distribution office, while the individual theaters must be visited by sales- 
men working from the regional branch offices of “exchanges.” 

Newness and price of films. From the vcr\^ beginning of Die motion- 
picture industry, newness has been the dominant factor in determining 
the price of a picture. A “first-run” house pays a premium for the right 
to show a film first in its territory; the “second-rvm” theater pays a lower 
price; and so on down the line to the 10-cent show, which must be content 
with films that are several months old. Booking the positive prints of 
a picture to theaters in the order of their precedence and the physical 
shipment of the film is the work of the branch exchanges. Usiiallj^ about 
250 positives of a film are in circulation in the United States and Canada, 
but this figure ma^^ vary from 150 to 400. 

The revenue-bearing life of a motion picture is usually less than 2 
years, except for foreign sales and trifling domestic rentals. One large 
company’s experience has been that 86 5 per cent of a picture’s earnings 
are taken in the first year. 

Increase in educational acDvities. The J^Iotion Picture Producers 
and Distributors of America has not confined its activities to the business 
problems of its industrj^ or the responsibility of furnishing proper enter- 
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taiiunont (o fbc public. Tliroug:hout the years of its existence, it has 
been conslantly at \\ork (o make the motion picture of greater educa- 
tional usefulness, in classroon^s, in clmrches, and in hospitals. The mem- 
bers of the association are coo])crating with educators in three distinct 
progrnnis, as follows. 

Phoiopla]! npprccmtion groups. By supjdying study guides, research 
exhibits, and other niaterials .supplemental to tljo plmtoplays based on 
cla*>'«jirs of lit<*rattire or classics in their own right, the industry* has en- 
couraged the «ieriotip study of the motion picture as an art form and as 
n medium through which new interest can l)c brouglit to tlie study of 
literature, history, and the social science^?. Leading educational organi- 
7ation^‘, as v.*cll ns individual high scliools, colleges, and universities, are 
codporiiting. There ate 6,000 higlt-cchool courses in motion-pictutc ap- 
preeintion. Mailing lists are maintained by the M. P. P. D. A. for the 
matorinls prepared by educators and made available without cost through 
the courtesy of individual prodticcrs as their pictures lend themselves to 
study. 

Films on human rdafions. As early as 1929, a grotip of educators, 
tinding (ext inalerinl« poorly adapted to the tcacliing of human relations 
— "character education*' — a'^ked the M. P. P. D, A. to undertake the pro- 
duction of n .series of pictures designed for this pur})osc. 

In the intervening year^?, much had to be learned before the Commis- 
sion on Human Ptclations of tlie Progressive Education Association, as- 
sisted by the Rockefeller Foundation and the IM. P. P. D. A,, could 
present its prc'^cni library of 61 subjects dealing with the important 
problents in human relations that confront American youth in and out 
of school 

These fdm‘' arc available at small rentals for use in schools only where 
npjiroval of jiorsonnel responsible for their presentation and subsequent 
di-cus**ion is given by the Commission Director, Dr. Alice V. Keliher. 

Teaching Film Custodians, hicorporatrd. The conflict between ex- 
hibitor objection to and teacher insistence on the use by schools of no 
longer current theatrical short subjects was resolved in 1937, when the 
M. P. P. D. A., witli the educational su]iervision of a distinguished Ad- 
visory Committee on the Use of Motion Pictures in Education, explored 
tlie vaults of its members and found there, through review by teacher 
panels, some 1,000 one- and two-reel subjects worthy to be showm and 
w^anted in American classrooms. By 1939, 500 of these films ^Ycrc cata- 
logued and entrusted to Teaching Film Custodians, Incorporated, for re- 
lease direct to schools deserving them. The films arc available on a 1-, 
2-, or 3-year basis at low, nonprofit costs. 

In these and other directions, tlie motion-picture industiy is experi- 
menting to find new^ spheres of usefulness to society. 
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STATISTICAL llUni Mein’S OK THi: MOHON-KICTl nu*: JNT)i;STHV 


ApproMmntc ut^cklv nttt'rul.nnrc* f(ir 1030: 

Uiuioit stntr^ ' 

iicMofAvorhi, , msm,m 

1Mtnntcr<! rorMj}*' iti V, S. r.uttntt-pjrfurf 

fc.r iniO , . :5:L0n^VXyiA*^ 

n^tiniut^’il to If i< * 3 (f.fvt'riijiif lU titiDonlly , . ^ . ^KKl/KKljCKK) 

Ui\\ ‘* jMvul to MUitrxlIy . , . $2r/).0(X),000 

IVnturi pirturt-t nppr<iv<Ml jn 10:0> K\ Admit>Ltr?5tjnTJ: 

Xo^s finitur*', 

, , filO 

Forii::!}, 

MmiK r i*rjininnK*s , . , S 

Xonini'jnU’r . 57 

IViiturt*' rr-iKMif'iJ: 

Don’if^^'lic , n 

Korciejn . , . . , . I 

V2 

Total . . . . , ^0^ 

rapitfil invi^^lmnnt in Uto I'nitot! States 

inotinn*pictun' in(ln*<trv: 

mntw , $1,000,000,000 

Studios . ... 125,000, OCX) 

Di5tril>ulinn,. . . . , 25,003,000 


Total . _ . $2,050,000,000 

Estimiited nuinl)cr rrf;iilarh’' employed in iho 

Exhibition . « . , , 215,500 

PrcKhiction . . . 29,500 

Distribution 12,500 


Total 

Approximate nnniuil pawdL: 

Exhibition 

Production 

Distribution 


$250,500,000 

92,000,000 

27,500,000 


2S7,500 


Total $370,000,000 

Major studios: 


East 2 

ToUil 22 

Active producing companies ^ 

Number of distribution rones ased 31 

Number of branch oflices (fdm cxchiinpes) mainUuned in U. S. for 

wholesale distribution d47 

Estimated number of film shipments per year l>et;vcon film exchanges 

and theaters * 15,000,000 

Average number of positive prints reqinrcxl for eacli feature picture . . 250 

Average number of bookings per print 3/ 

Average number of actual playing days per print 

Average cost for each positive release print (feature length) ^200 
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Approximate amount of linoai feet of positive film used annually 2.000 000 000 

Total cost (at Ijf per foot) ... moojooo 

Approximate amount of linear feet of negative ran* stock used annually 100,000^000 
Total cost (at H per foot), . , , , $4,000,000 

Number of theaters sho\s ing a feature picture distnbuted nationally 2,000-12,000 
Approximate number of first-run theaters in 9o cities of over 100,000 

population . . ^ 450 

Number of different industries, arts, and professions involved in the 
making of a U. S. feature picture . . . 270 

Total motion-picture theaters in U. S. equipped for operation, as of 
193G: 

In operation 15,378 

Closed,. 3,130 


Total . . . 18,508 

1037: 

In operation . , , . . 16,258 

Closed. . . , 2,560 


Total ... , . ... 18,818 

1038: 

In operation. . . . 16,251 

Closed , . . 1,290 


Total , ... 17,541 

Average seating capacity (all ill cat eis) . . , 623 

Estimated average admission . . $.23 

Number of to\Mis vith motion-picture theaters equipped for operation 9,187 

Total number of theaters equipped for operation . , , 17,641 

Total seating capacity of theaters equipped for operation 10,924,484 


Tablu hi 

APPROXIMATE DISTRIBUTION OP UNITED STATES BOX-OPPICE 
RECEIPTS FOR I93S 

Estimated gross box-office receipts for all U. S. motion-picture theaters 


for 1938 81,000,000,000 

Theatei retains 05% of total receipts foi local expenses, 
as follows: 

25% Payroll, theater staff, and management , ... $250,000,000 

16% Rea) estate — ^Reni, insurance, taxes, interest, 

and depreciation 150,000,000 

8% Local advei tising and publicity 80,000,000 

5% Light and heat. . 50,000,000 

5% Interest and dividends ... 50,000,000 

4% Other taxes and insurance 40,000,000 

3% Miscellaneous extia attractions (acts, music, 
prizes, contests, etc.) . 30,000,000 


Total . 8650,000,000 

Theater pa 3 "s 35% of total receipts for film rental, as 
follows: 

25% To studios for producing the film . . $250,000,000 

10% To wholesale distributor for prints, advertising, 
sales, and service costs, etc 100,000,000 


Total $350,000,000 
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Early Discovery oi Radio Waves 

Wireless wave foretold — ^James Clerk Maxwell. Of all the wonders 
that radio has brought to man and of all the new miracles that it promises 
for the future, perhaps the greatest single curiosity of this art is that it 
was not “discovered” but actually foretold by means of pure, mathemati- 
cal speculation years before its attainment. 

In 1873, man^s knowledge of the basic laws of electricity was very 
limited The full scope of application of this invisible force was not even 
dreamed of. Yet, in that year, James Clerk Mawell, a Scotch mathe> 
matician, published a treatise entitled Electricity and Magnetism, in 
which he demonstrated, purely by mathematical reasoning, that rapidly 
oscillating electrical currents would give rise to an electromagnetic dis- 
turbance, or “electric wave,” which would travel away from its source 
of origin. Maxwell even foretold the velocity of this “wireless wave,” 
stating that it would have the same speed as light. 

First demonstration of electromagnetic waves — Heinrich Rudolph 
Hertz. This amazing prediction stirred scientific men the world over to 
intensive researches in high-frequency phenomena, but it was not until 
1887 that Dr. Heinrich Rudolph Hertz, an eminent German scientist, 
demonstrated for the first time the actual existence of such electro- 
magnetic waves. Hertz not only produced wireless waves but measured 
their length and velocity as well; what is more, he showed that they 
followed the ordinary laws of lignt with regard to interference, refraction, 
and polarization. Hertz succeeded in propagating these waves over a 
distance of a few feet, but these experiments, beyond demonstrating the 
possibility tliat such waves might one day be “harnessed” in the interest 
of space communication, accomplished nothing of a practical nature. 

Other pioneers in radio. In 1892, Professor Edouard Branley, a 
French scientist, noted that metallic filings placed in a glass tube between 
two brass lugs would cling together, or “cohere,” in the presence of 
' ’electromagnetic waves. This same phenomenon has been obser\^ed by 
S. A. Yarley in 1866 and by Professor A. L. Hughes in 1879. In later 
years, this wave detector acquired the name “coherer.” In 1894, Sir 
Oliver Lodge, a noted English professor and scientist, repeated, with 

^ 821 
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improved apparatus, some of the experiments of Hertz and other pioneers 
in this field. Professor Popoff, a Russian scientist, also performed 
experiments with this metallic filings detector and had observed its re- 
sponsiveness to electrical disturbances created by approaching storms. 

First practical radio communication — Marconi. Important as was 
the work of these earlj' pioneers in the radio ail, it remained for 
Guglielmo ^Marconi, a young Italian, to combine the results of their work 
in research of his own, and in 1896, he demonstrated how these various 
inventions could be coordinated for practical results. To jMarconi must 
go the credit for establishing the first method of communication by radio 
to be recognized as practical bejmnd a scientific doubt. In coordinating 
the earlier work of other experimenters, he used some of the elements 
of the Hertz spark transmitter and added thereto an aerial vnxe and 
ground plate. He also attached an elevated aerial wire and ground 
plate to the coherer at the receiving station. Thus he developed a trans- 
mitting system that radiated more powerful waves and a receiving 
apparatus more sensitive to these waves than the apparatus of any of 
his predecessors. Sir Oliver Lodge introduced some improvements on the 
jMarconi system in 1897, b}" which tuning, or s 5 Tichronization, of the trans- 
mitter and receiver to a fixed wave length could be more readily at- 
tained; and from 1899 on, ilarconi himself evolved new methods which 
made it possible to transmit signals through space over considerable dis- 
tances. . Indeed, by 1901, jMarconi was able to receive telegraph signals 
at a wireless station located at St. Johns, Newfoundland, from a station 
at Poldhu, in Cornw\all, England — a distance of about 1,800 miles. By 
1902, messages w'cre tran'^raitted from shore to ships, in some instances 
over distances of 2,000 miles. 


United States Genius Enters the Picture 

Initial interest in this new art in the United States began with Mar- 
coni’s demonstrations before the officials of the United States Government 
in 1899, when jMarconi wireless equipment w’as installed in the battleship 
ilassachiisctts, the cruiser iYcu? York, and the torpedo boat Porter, The 
United States jNaval Board made a favorable report on the usefulness of 
the Marconi system, even though the range of communication was lim- 
ited by factors which have long since been overcome. The !Marconi 
Wireless Telegraph Compan}" of America was organized in that same 
year. 

Early American contributors to the field of radio. As the result of 
the publicity accompanying the earl}" jMarconi demonstrations, American 
genius, beginning in 1901, applied itself to further improvements of the 
art. Individual research physicists throughout the w'orld began an inten- 
sive study of elcetriral-wavc phenomena. Among Iho numerous early 
United State*? experimenters w^erc Dr. Leo DcForest, Professor Reginald 
Fessenden, Walter Massic, Ilnrrv Shoemaker, John Stone Stone, and 
G. W. Pickard. 
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Dr. Lee DcForest. In 1901, Dr. Lee DcForcst engaged in a new line 
of scientific development with a view to finding a system wliicli would 
improve upon the performance of tlmt of Marconi. He and his associ- 
ates formed the DcForcst Wireless Telegraph Company of America in 
1902, and erected several coastal radio stations in the United States along 
the Atlantic Seaboard and on the Great Lakes for the experimental and 
commercial development of marine radio. The endeavors of this com- 
pany to e^^nb!i^h a commercial communication service gave stimulus to 
American olTort in the radio field. Tlic company wa« reorganized in 
1901, uiulcr the name of the American DcForcst Wireless Telegraph 
Company, atul maintained several subsidiary" companies in the United 
Stales. The company equipped many ships of tlic American Merchant 
Murine and installed land stations in the principal American seaport 
cities, as well as at Cleveland, Buffalo, Chicago, St. Louis, Kansas City, 
Kow Orleans, Port Huron, and several cities in the State of Colorado. 

During the period of 1901 to 190G, several unsuccessful attempts were 
made to conduct an overland radio ser\dce in competition with the wire 
lines between cities in (he Middle West, but the art Iiad not developed 
technically to the point at which a satisfactory^ and continuous service 
could be rendered. The business assets and patent rights of the De- 
Forest Company were absorbed by tlic United Wireless Telegraph Com- 
pany of America, which was organized in the summer of 1907. 

Professor Fessenden. Professor Reginald Fessenden was one of the 
outstanding contributors to the technical development of radio. He con- 
ceived many new principles and new ideas in the period from 1901 to 
1910 and is today generally credited with having been ahead of his time. 
The majority of his inventions did not enjoy practical application until 
1913, when new discoveries were made in connection with the thrcc- 
clcctrode Viicuum tube. His conception of the lictcrod 3 me receiver was 
one of the earU" and revolutionary contributions to technical develop- 
ment. He also foresaw the increased efficiency of the continuous-wave 
transmitter employing the high-frequency altcmafor as against the limi- 
tations of the spark transmitter used by Marconi and DcForcst, having 
obtained the first United States patents for continuous-wave transmission 
systems in 1902. He was also n pioneer in tlie development of the radio 
telephone and the first to conceive the value of the oOO-cj^cle high- 
frequency spark transmitter in increasing the efficiency of spark trans- 
mission and reception, With the aid of Pittsburgh hankers, Fessenden 
organized the National Electric Signalling Company" in 1903 and pro- 
ceeded to erect a large experimental radio plant and laboratory at Brant 
Rock, Alassachusctts, with the view of developing the art technically and 
cstabiisliing transoceanic communication with a corresponding station 
erected by that company at Machrihanish Bay, in Scotland. Through- 
out its existence, the National Electric Signalling Company’s efforts and 
activities in the radio field wore devoted primarily to experimentation 
and tcclinical development, although some apparatus produced by the 
companj^ was sold to the Government. 
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Massie Wireless Telegraph Company. Walter Massie, one of the 
early experimenters in the United States radio field, organized the Massie 
Wireless Telegraph Company in 1905. This company erected stations 
along Long Island Sound, at Wilson^s Point, Conn., New London, Conn., 
Chatham, Mass., Block Island and Providence, R. I., Montauk, N. Y., 
Point Judith, R. I., and Bronx, N. Y., for establishing wireless communi- 
cation Tvith ships m those waters. The marine operations of this com- 
pany later were taken over by the [Marine Transmission Company. 
The Massie Company was successful in obtaining contracts from the 
United States Government for the supply of radio equipment from 1905 
to 1912, during which time several patents w'ere applied for in the United 
States Patent OfiBce. In 1912, the company decided to discontinue com- 
mercial operations, and its assets were purchased by the Marconi Wire- 
less Telegraph Company of America. 

Other important developments. In 1902, C. D. Ehret and others, of 
Philadelphia, formed the Continental Wireless Telegraph and Telephone 
Company, but tliis company achieved no importance in the radio industry 
and soon ceased operations. 

In 1902, Harry Shoemaker and his associates formed the International 
Telegraph Construction Company for the exploitation of the Shoemaker 
radio inventions. This company manufactured and sold radio apparatus 
chiefly to the United States Government and foreign governments. The 
radio devices made by this company showed marked progress in electrical 
and mechanical construction and embodied many notable innovations in 
radio design. But business lagged and, in 1908, its assets were pur- 
chased by the United Wireless Telegraph Company of America. 

YHien the United Wireless Telegraph Company of America purchased 
the assets of the defunct American DeForest Wireless Telegraph Com- 
pany and the International Telegraph Construction Company’' in 1908, 
it undertook aggressively to develop radio communication in the Ameri- 
can Merchant Marine. It continued to expand its activities in the 
marine field until, in 1911, it too experienced business difficulties. At 
this time, the company was involved in patent-infringement litigation 
with the Marconi Wireless Telegraph Company of America. The United 
Company submitted to a consent decree finding infringement of the Mar- 
coni patents in 19ll, and its assets were purchased in 1912 by the Marconi 
Wireless Telegraph Company of America. 

First attempts to develop an overland radio-telephone service. Dr. 
DeForest severed his connection with the American DeForest Wireless 
Telegraph Company in the later part of 1907, and shortly thereafter 
organized the Radio Telephone Compan}’’ of New York for the exploita- 
tion of such of its patents as had not been assigned to tlie United Wireless 
Telegraph Companj=^ of America. The Radio Telephone Company of 
New York endeavored to operate an overland radio-telephone service 
between New Icork, Philadelphia, Albany, Cleveland, Chicago, Detroit, 
and Duluth. It found itself unable to compete with the performance 
of wire-telegraph lines. In 1909, this same company conducted experi- 
ments with the arc type of transmitter, both for radio telegraphy and 
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tclcphonj^ achieving some experimental results. But it became involved 
in patent-infringement suits brought by the Fessenden interests and 
ceased operation in 1911. DeForest later joined the laboratory staff of 
the Federal Telegraph Company of California. 

Discovery of the vacuum-tube detector. It is important to note that, 
in the years 1906 and 1907, Dr, DeForest made the chief contribution 
to the future progress of the radio art in the form of a vacuum-tube de- 
tector known as the “DeForest audion,” Two years prior, in 1905, 
Professor J. Ambrose Fleming of England had developed a two-element 
vacuum tube. This high-frequency rectifier of Fleming's proved to be 
one of the more stable types of receiving detectors so far developed, 
combining with its stability a marked degree of sensitivity to electro- 
magnetic waves. DeForest improved the capabilities of the Fleming 
tube by inserting a third element, called a “grid,” between the filament 
and the plate of the Fleming valve. 

Some of the DeForest tubes of the earliest type evidenced unusual 
capabilities as “detectors” of electromagnetic waves, but it is important 
to observe that, up to 1914, the three-electrode, or DeForest, tube had 
little practical application. To function as detectors, such tubes required 
a rather critical but partial vacuum to make them operate correctly, and 
a given performance could hardly be duplicated from day to day. It 
was the discoveries and announcements in 1914 of E, H. Armstrong, a 
private investigator, and m 1915 of Doctor Irving Langmuir, of the Gen- 
eral Electric Company, and work which was simultaneously carried on 
by the Western Electric Companj^ in the three-electrode vacuura-tubc 
field that gave the DeForest tube tremendous commercial impetus.^ 
Nevertheless, DeForest's initial discovery constituted a supreme inven- 
tion, accounting in a very large measure for the tremendous progress 
which has taken place in the radio field during the past 20 to 25 years. 
Other important discoveries which changed the trend of the art were the 
disclosures by E. F. W. Alexanderson, of the General Electric Company, 
early in 1914, of a method for modulating the high-frequency output of 
a vacuum-tube generator and, in March, 1915, of the tuned radio-, 
frequency system of radio reception. 

It should be noted that, in 1912, the patents covering the DeForest 
audion tube were vested in DeForest himself, that the Fleming Valve 
patents were owned by the various Marepni companies, and that these 
two devices were in a patent conflict from the beginning To connect 


'This statement is expressed in the language of the art as of the date these two 
important discoveries were publicly announced Both of these inventors were con- 
sidered pioneers in the field of their respective developments, but the legenerative 
circuit and high-vacuum tube patents went through extensive litigation over a period 
of years, and both were invalidated by court action — the Armstrong patent on October 
6, 1927, by the Circuit Court of Appeals, Third Circuit, decree affirmed bj’’ the Su- 
preme Court of the United States, priority being awarded to Deforest; and the 
Langmuir patent by a decision of the District Court of Delawaie on April 28, 1926, 
decree affirmed by the Circuit Court of Appeals for the Third Circuit October 7, 1929, 
reveised and held valid by the same court on November 11, 1930, and invalidated 
by the United States Supieme Court in 1931. 
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the DeForest tube in a characteristic tuning circuit constituted a viola- 
tion of the Marconi patents, and likewise tlie Marconi Company could 
not use the DeForest tube without infringing the DeForest patent rights. 
This situation accounts somewhat for the delay in putting the DeForest 
tube to commercial use. 

Telefunken Company of Germany. The year 1909 witnessed the en- 
trance of the Telefunken Company of Germany into United States radio 
operations. This company organized subsidiaries in the United States: 
the Telefunken Wireless Telegraph Company of the United States and 
the Atlantic Commimication Company. The first-mentioned company 
operated a shore station in New York City for communicating with 
German vessels entering New York Harbor equipped vnih the Tele- 
funken radio system. 

Discovery of crystal detectors. In 1906, G. W. Pickard and General 
H. H. Dunwoody, of the United States Army, made important discov- 
eries in the field of crystals, determining that an artificially compoimded 
element known as '^carborundum, or others such as zincite and silicon, 
possessed rectifjdng properties and could therefore be used as radio de- 
tectors. Pickard was a specialist in this field, and in later years he and 
his associates formed the Wireless Specialty Apparatus Company for 
the manufacture and sale of devices embodying his inventions. 

Poulsen Wireless Corporation. In 1910, the Poulsen Wireless Cor- 
poration was formed in the United States for the exploitation of the 
Poulsen-Pedersen inventions, with respect to the continuous-wave arc- 
transmitting sj^stem. In 1911 and 1912, this company began tlie design 
and construction of arc-transmitting stations for ultimate installation at 
San Francisco, Los Angeles, Portland, and Honolulu. Other stations were 
erected at Fort Worth and El Paso, Texas. Communication was estab- 
lished eventually between these points within the limitations of the art 
at that time, but the service was not of a character to compete seriously 
with land lines and cables. These trials did indicate, however, that the 
continuous-wave system of radio-telegraph transmission provided techni- 
cal benefits that were not obtainable from the spark s5’'stem. 

Federal Telegraph Company of California. Subsequently, the Poul- 
sen Wireless Corporation transferred all its rights to the Federal Tele- 
graph Company of California. The latter company had been organized 
for the conduct on the Pacific Coast of a transpacific and intercity com- 
munication sendee and for the sale of radio apparatus to the Government 
and to shipowners. During the First World War, the Federal Telegraph 
Company constructed several high-power stations for the United States 
Na%y at San Diego, Pearl Harbor, Cavite in the Philippines, and Darien 
in the Canal Zone; also, in the Island of Guam, in San Juan, Puerto Rico, 
and, in the last year of the war, a very powerful station at Bordeaux, 
France. 

Wireless Improvement Company — Colonel John Firth. In 1911, 
Colonel Tohn Firth organized the Wireless Improvement Company for the 
sale of specialized radio deduces. The compan}^ sold mainly cry^a! 
detectors manufactured under the Pickard patents, copper-plated high 
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voltage condensers, and several other accessories useful in radio com- 
munication. 

Kilbournc and Clark Manufacturing Company. In 1912, the Kil- 
bourne and Clark ^lanufacturig Company was organized in Seattle, 
Washington, for tlic manufacture, sale, or lease of radio apparatus, using 
the patents developed by Frederick Simpson. This company installed 
apparatus on ships, mainly those plying tlie Pacific Coast, and erected 
« land stations in the United States and Ala^^ka. During the war, it pro- 
duced some equipment for the United States Gov'crnmcnt and for foreign 
governments. The company ceased operations in 1920. 

Emil J. Simom Emil J. Simon, an engineer who had seen duty with 
the Radio Telephone Company, the Wireless Improvement Company, 
and the National Electric Signalling Company, formed a personally 
owned company in 1915, securing a contract from the Navy Department 
in that year for radio transmitters of llic quenched-spark type and also 
for receiving apparatus. Thi'^ comjiany manufactured additional ap- 
paratus for the United States Government during the war. After the 
war, Simon organized another company, tlie Intercity Radio Company, 
and erected a numlier of stations in the eastern and western parts of the 
United States in an endeavor to eontiuct an intercity radio-communica- 
tion service. This service was discontinued after n time, however, and 
Simon later reentered -the field with a series of stations for communication 
with ships in the Great Lukes. This latter company ceased operations 
in 1930. 


Status of Radio Communication in 1912 

The year 1912 was a pivotal ])criod in tiic technical and commercial 
development of radio communication in the United States The spark 
transmitter and the cr\’stal receiving detector, both inefficient because of 
inherent teclmical limitations, held sway in commercial operations. Tlie 
DcForesl nudion, although ])romising, had seen but little commercial use. 
Commercial and engineering circles acknowledged tlie necessity for some 
new technical developments giving higlier operating efficiency; otherwise 
the art would be limited to marine communication. It was evident in 
1912 that there was need for more powerful transmitters of the continu- 
ous-wave type, more sensitive receiving apparatus, and more selective 
receiving apparatus, so that the reliable range of communication could 
be increased. 

Fessenden had forecast in patents issued in 1902 and had also demon- 
strated the improved performance that might be expected from a gener- 
ator of high-frequency contimions waves. He sought to interest the 
General Electric Company in the construction of .such a machine as 
early as 1901, but it was not until September, 190G, that this machine 
was delivered for experimental trials. The final product represented the 
joint efforts of the experts and consultants of the General Electric Com- 
pany and the Fessenden interests, Hence, United States genius is prop- 
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erly credited with having made the first distinct departure from the 
old-time spark system. 

Dudell, an English scientist, and Poulsen, a Danish scientist, per- 
formed promising experiments with the oscillating arc in the period prior 
to 1910, but the arc did not generate continuous waves of constant 
amplitude, and it could not, therefore, be expected to give the efficiency 
and operating results of the high-frequency alternator. 

Until 1912, commercial and technical effort had been directed almost 
solely toward the development of marine radio communication — ^that is, 
between ships at sea and between ships and the shore. The Marconi 
Wireless Telegraph Company of America, having acquired the assets of 
the United AVireless Telegraph Company, held the dominant position in 
the field of American radio marine communications. The Eadio Tele- 
phone Company had ceased operations; the National Electric Signal- 
ling Company was conducting experiments at its laboratories at Brant 
Rock, ^Massachusetts; and the Massie Wireless Telegraph Compan}^, for 
commercial reasons, was on the point of going out of business. The 
Federal Telegraph Company of California was experimenting on the 
Pacific Coast and elsewhere, endeavoring to conduct intercity and trans- 
pacific radio communication. Several other American companies, which 
have not been mentioned — such as the Clarke Wireless Telegraph Com- 
pany of Detroit, the Stone Telephone and Telegraph Company, the 
American Wireless Telegraph Company-, and the Collins Wireless Tele- 
phone Company — had ceased operations hy this date, leaving the IMar- 
coni Company, commercially speaking, supreme in the field. 

Very little had been accomplished prior to 1912 in the way of estab- 
lishing transoceanic radio-telegraph communication. Marconi had ex- 
perimentally transmitted signals from Poldhu, Cornwall, to St. Johns, 
Newfoundland, in 1901. Fessenden established occasional contact with 
his corresponding station at Machrihanish Ba}’', Scotland, in 1905, but 
the Scotland station was destro3’’ed by a storm in 1906 and experiments 
were discontinued. In 1909, Marconi’s Wireless Telegraph Company, 
Ltd., of Great Britain, in conjunction with the Marconi Wireless Tele- 
graph Company of Canada, had established a commercial radio circuit 
between Glace Bay, Nova Scotia, and Clifden, Ireland. 

As the distance between these stations was but approximately 2000 
miles, the technical problem of spanning the gap w^as not so great as that 
encountered by those who had sought to transmit signals from the At- 
lantic Seaboard of the United States directly to England. 

The Turning Point in United States Radio Development 

A good deal of doubt was expressed in 1912 as to whether radio would 
ever render a ser\dce comparable to that given by wires or cables. The 
limitations of the art were painfully obvious. Then, just subsequent to 
1912, physicists and engineers produced a series of major inventions, 
new discoveries that eventuallj^ revolutionized prior practices in the 
radio-transmitting and receiving fields. 
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Discoveries of E. H, Armstrong. A tremendous revitalization was 
given to tcclmical development when, in 1914, E. H. Armstrong, conduct- 
ing independent research and experiments at Columbia University, New 
York City, disclosed the actual phenomena taking place within the three- 
clcotrode vacuum tube when used as a detector, oscillator, and amplifier 
The accomplishments of Annstrong spurred on other investigators, 
whose works resulted in numerous inventions and discoveries connected 
with the operation of the vacuum tube. 

Armstrong's experiments in 1913 led to the commercial evolution of 
the so-called “regenerative receiver,'' one of the principal inventions of 
the radio art. Armstrong found that the DcForest auclion possessed a 
j)ropcrty wliich no one had theretofore noted, namely, that the signals 
received from a distant iransmitting station were repeated in amplified 
form within the tube, lle'obscrvcd, therefore,* that a simple connection 
botucen the output and the input circuits of the vacuum tube would 
amplify cnormou>ly the radio signals that were in process of detection 
within it. Thus the nudiou became at least 5,000 times more sensitive 
as a detector than any prior detecting mechanism. Siinultancouslj'', the 
circuit gave inci eased selectivity, which is the ability to eliminate 
interfering signal*?. Armstrong also found that, if the input and output 
circuits of the audion were coupled closely enough, the entire system 
wont into a state of self-oscillation. It therefore became a self-hetero- 
dyne, or “heat receiver," for the detection of continuous-wave ladio- 
tclegra])h signals. This discovery made practically operative the 
Fessenden heterodyne principle, the patent for which had been applied 
for in 1905 

Dr. DoForcst already had ob'^erved that his audion could be used for 
amplification of radio signals after they had passed through the detector 
bulb and wcic within tlio realm of audio frequencies. Public announce- 
ment of Ins audio-amplifying circuit was made before the Institute of 
Radio Engineers on December 3, 1913. Engineers soon found that the 
combination of the vacuum-tube audio amplifier with the Annstrong 
regenerative detector provided a signal audibility at the receiving station 
which was utterly impossible of attainment by any other radio-receiving 
system. Aimstrong astonished scientific and amateur radio circles by 
demonstrating, in 1913, that a single audion bulb could be used for the 
detection of continuous-wave radio-telegraph signals over distances of 
several thousand miles under favorable atmospheric conditions. 

Perfection of the vacuum tube — Dr. Irving Langmuir. In 1915, 
following the Armstrong discovery, Dr. Irving Langmuir, of the General 
Electric Company, announced the perfection of the high-vacuum, or 
so-called “liard," tube. Prior to this disclosure, the art was familiar 
onl3^ with the DcForest typo of tube, which depended for its operation 
as a detector upon gas ionization. This was changed into a tube not at 
all dependent upon ionization, tlie gas being exhausted to a high degree 
not only from the space within the glass envelope but also from the glass 
walls and from the electrodes of the tube. The tubes were made stable 
for radio operation and were capable of handling much greater outputs 
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than the former t5"pes of tubes. This discovery opened the possibility 
of employing the vacuum tube as a means of transmission. Thus, at a 
time when it seemed that the radio art had progressed technically as far' 
as it could go, important discoveries were made which led research into 
entirely new paths. 

Important inventions held by opposing interests. It is important 
also to note that these important inventions and their associated circuits 
were held by opposing interests. The American Marconi Company 
owned the fundamental Marconi patents which dominated the art, 
including the Fleming valve patent. The DeForest interests owned the 
three-electrode vacuum-tube patents, and E. H. Armstrong, a private 
investigator, the regenerative- and oscillating-tube patents and the super- 
heterodyne patents. The Fessenden group had the continuous-wave 
and heterodyne patents. ‘The high-vacuum patent was applied for by 
Doctor Langmuir on behalf of the General Electric Company and by 
Doctor Arnold on behalf of the Western Electric Company. The tube- 
modulator patents and the tuned radio-frequency patents belonged to 
the General Electric Company. It was evident, even in these early years 
(1912 to 1915), that, without some patent compromise or licensing 
arrangements between the patentees, these inventions could not be put to 
commercial practice. There were numerous other cases of patent conflict 
also. ' 


The Evolution of the Hish-Power Transoceanic Radio Transmitter 

Further progress was made in the development of continuous-wave 
transmitters of the arc and high-frequency alternator types in the period 
from 1912 to 1918. 

Tests prove superiority of continuous-wave method. The early 
experiments in the United States of the Poulsen interests with the Poulsen 
arc generator have already been noted. Further conclusive demonstra- 
tion of the superiority of the continuous-wave method of transmission 
and reception, as first conceived by Fessenden, was effected in tests made 
at the Governments station at Arlington, Virginia, in February and 
March, 1913, where a Fessenden rotating spark transmitter, in conjunc- 
tion with the heterodyne receiver, had been installed. An elaborate series 
of tests was conducted by the Government and by the Fessenden interests 
with naval vessels and other radio stations, which proved be3"ond ca'vdl 
that the continuous-wave system would ultimately supersede the spark 
system. This fact was all the more demonstrated when, a little later, 
the Government installed a Poulsen arc continuous-wave transmitter at 
that station, in conjunction witli the Fessenden heterodyne. 

High-power transoceanic stations erected. In 1914, the Atlantic 
Communication Company, a subsidiarj" of the Telefunken Wireless 
Telegraph Company, of German}", began the erection of a high-power 
transoceanic station at Sajwilie, Long Island, using the Jolj^-Arco high- 
frequency alternator system developed b}" German engineers. In the 
same year, the High Frequency Machine Compan}^ of Berlin, began the 
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erection of another high-power station in the United States at Tuckerton, 
New Jersey, using the Goldschmidt high-frequency alternator, another 
continuous-wave transmitting system developed by German interests. 
This Tuckerton station, however, was being erected by the Germans on 
behalf of a French communications company. Both the Sayville and 
Tuckerton stations established communication of an intermittent charac- 
ter vdih their corresponding stations in Europe. Transoceanic radio 
was not yet able to compete serioush* '^dth cables. 

Prior to the entrance of the United States into the First T\^orid War, 
the Sa\wille station had been used for the dispatch of some commercial 
trafHc to Nauen, Germany. Likewise the Tuckerton station dispatched 
a small amount of traffic to a corresponding station at Eilvese. Gennan3\ 
The service rendered by these two stations was in no sense competitive 
witli tlie cables, although it was again demonstrated that tlie continuous- 
wave system of transmission j>osscssed inherent benefits that could not 
be obtained with the Marconi spark sj^stem. 

In 1913, the Jvlarconi Wireless Telegraph Company of America, in 
conjunction with l^Iarconi s Wireless Telegraph Compant^. Ltd., of Great 
Britain, also laid plans for an international transoceanic communication 
sertice, erecting high-power transmitting stations for these services at 
New Brunswick, N. J„ iMarion, IMass.. Bolinas, Calif., and Kahuku, in 
tlie Hawaiian Islands. It should be noted that the efforts of the IMarconi 
Company and of tlie two German radio companies above mentioned were 
in the nature of “cut-and-tn*’’ experiments, to determine the extent to 
which radio could be employed for commercial communication over dis- 
tances in excess of 2.000 miles. The experiments made at all these 
stations were promising, but the apparatus used by the German interests 
in the United States, particularly the radio-receiving equipment, infringed 
on fundamental patents of the American ^larconi Company, and it was 
obvious that these infringements must come to an issue. 

Government authorities take over control of radio-communication 
facilities. TMiile these transoceanic experiments were in progress, the 
United States Government, haring witnessed tlie improved performance 
tliat resulted from the major discoveries of Fessenden, Fleming, DeForest, 
Armstrong, and others made in tlie art subsequent to 1912, began to 
develop for its own use apparatus embodying these inventions; and as 
early as 1914, it had assembled radio-receiving apparatus using these 
inventions. It was purchasing appvaratiis from suppliers that openly 
infringed the patents of ^Marconi and othei^. The Government foresaw, 
however, that, in letting contracts for such apparatus to suppliers, it faced 
a conflicting patent situation. None of these interests possessed the 
rights under a sufficient number of patents to supply these derices lo the 
Government without infringement. Commercial radio interests faced 
the same situation. It was but a short time later (1917) that the United 
States declared war on Germany, and the Navy Department, by legisla- 
tive autliority. tlien took control of all United States radio communica- 
tions, including the stations erected by the ^Marconi Compan%’ and by 
German interests for international communication. In fact, the Tucker- 
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ton station had been taken over by the Navy Department prior to our 
entrance into the war because of violation of the Neutrality Act. Later, 
the Sayville station was seized by the Alien Property Custodian. 

New impetus to the industry. The pressure of the Governments 
war-emergency requirements caused the laboratories of some of the great 
electrical companies, including those of lesser manufacturers and individ- 
uals, to engage in the development of devices specifically designed for 
the Government's needs. This extraordinary and intensive activity gave 
tremendous impetus to the technical progress of the art but resulted in 
the creation of many more radio inventions that were held by widely 
scattered interests. It being apparent that the Government was faced 
with an irreconcilable patent situation in the procurement of radio appa- 
ratus, a “rider” was attached to the Naval Appropriations Act of 1918 
which provided that manufacturers could bid on the Government’s 
requirements for radio apparatus free from damages due to possible 
patent infringement, the patentee having recourse to the Court of Claims 
for any damages that he might have suffered as the result of such 
infringement. 

The Marconi Wireless Telegraph Company of America, the Kilbourne 
and Clark Manufacturing Company of Seattle, the DeForest Radio Tele- 
graph and Telephone Company, the National Electric Signalling Com- 
pany, and the Federal Telegraph Company of California were the 
principal radio companies of the countrj’- when it entered the First World 
War, but approximately 20 additional manufacturing concerns organized 
themselves to supply apparatus to the Government for its various services, 
and many millions of dollars worth of radio equipment was produced 
during the war period under Government conteact. 

Results of legislation freeing Government of patent barriers. 
Having thus gained patent freedom by legislation, the Government speci- 
fied radio apparatus embodying the finest inventions in the radio art, 
regardless of patent ownership. It was therefore able to put to practical 
use in its own radio stations and those which it had taken over apparatus 
far in advance of that available to an3^ private or commercial radio 
interest. The stations of the American Marconi Company were em- 
ploj^ed for the dispatch of traffic connected with war operations to Euro- 
pean stations, together with a limited amount of censored, commercial 
radio traffic. The Government installed high-power Poulsen arc trans- 
mitters in many of the naval stations, replacing the high-frequency 
alternator installation at Tuckerton, New Jersey, with one of these. It 
asked the General Electric Company to manufacture a high-frequency 
alternator of 200 -kw. capacity for installation at the Marconi High- 
Power Station at New Brunswick, New Jersey, and it erected some other 
high -power stations necessary for its war operations. By these peculiar 
circumstances, it will be seen that, shortly after the time at which the 
radio art had developed some major inventions and was making plans 
for their application, the entire communication facilities of the industry 
passed for a period into the hands of Government authorities. All patent 
barriers were temporarily broken down and the property of all foreign 
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radio interests taken over. It was evident to all concerned that, when- 
ever the properties of the Marconi Wireless Telegraph Company of 
America should be returned to it by the Government, neither the Mar- 
coni Company nor any other American interests could use the advanced 
apparatus which the Government had installed in these stations because 
of patent conflict. It was equally evident that the manufacturing com- 
panies which had been organized merely to supply radio apparatus to the 
Government under Government patent protection would be compelled to 
cease operations whenever patents should be returned to their prewar 
status of private ownership. Here was a problem that appeared to defy 
solution. We shall come later to a description of the way which was 
finally found to cut this Gordian knot. 

The Rise of Radio Telephony and Broadcasting 

Wireless-telephone communication established by Fessenden. No 
' outline of the development of broadcasting in America, however sketchy, 
would do justice to the subject without reviewing certain early experi- 
ments in radio telephony, commencing with those of Reginald Fessenden. 
In 1903 and 1905, this pioneer established wireless-telephone communica- 
tion between Washington and Annapolis; and in February, 1907, he gave 
a further demonstration of his system to Dr. Kennelly, Professor Elihu 
Thompson, and engineers of the Western Electric and American Tele- 
phone and Telegraph Companies. In 1906, both speech and music were 
transmitted from one of the Fessenden stations and heard at considerable 
distances. 

DeForest experiments with an arc system. In 1907, Dr. Lee 
DeForest conducted a series of experiments for the Lackawanna Rail- 
road, using an arc transmitter modulated by a microphone. Speech was 
successfully transmitted to a distance of 12 miles. DeForest equipped 
some vessels of the United States Naval Fleet with .this system in 1907 
and 1908, by means of which radio telephony was acomplished over short 
distances. In 1910, using an arc type of transmitter of his own design, 
DeForest transmitted opera selections given by Caruso and Destinn from 
the Metropolitan Opera House in New York City. This was simply a 
pioneer experiment evidencing nothing of a commercially practicable 
system. The arc system could never be made practical for commercial 
radio telephony. 

Status of radio telephone in 1912. The arc transmitter is not, how- 
ever, inherently suited to radio-telephony. It cannot satisfy the require- 
ments of commercial practice because, first, it does not generate a “pure^* 
continuous wave and, second, no one has been able to devise a suitable 
method of modulating the output of the arc generator by a microphone 
so as to give sufficient variation in amplitude to be heard at any con- 
siderable distance. Thus, the radio-telephone experiments conducted 
prior to 1912 employed crude and inefficient apparatus having practically 
no commercial utility. Reviewing the progress of radio telephony during 
1910, The Electrical Worldj in the issue of January 5, 1911, said in part; 
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Wireless telephony m America has suffered from over-exploitation 
and underequipment. Promises ranging from opera music at 200 mil^ 
to telephony between New York and Paris have been very lacking in 
fulfillment. The majority of workers in this branch of ^vireless signalling 
have either feared or been unable to break away from the ^'arc-and- 
microphone’^ type of senders and the general lack of progress is probably 
the result of this. 

Advent of the vacuum tube in radio telephony. Prior to 1912, the 
vacuum-tube transmitter was still unknown; but following E. H. Arm- 
strong's announcement of the regenerative and oscillating vacuum-tube 
circuit in 1914, the opinion prevailed that, ultimately, the vacuum tube 
would become the preferred form of high-frequency generator for radio 
transmission because it generates a “pure” high-frequency wave and also 
permits effective modulation of such a wave by a microphone. This 
general view seemed nearer fulfillment when the high-vacuum tube W'as 
announced, thereby making possible a vacuum-tube transmitter of large 
power output; but it was several years after that announcement, in 1915, 
of the high-vacuum tube before such large power tubes were made avail- 
able. From 1914 on, important experiments were conducted abroad, as 
well as here, with the vacuum-tube transmitter, but the apparatus was 
crude and of limited power. The art needed tubes of greater output, 
longer life, and greater stability of operation. Intensive laborator}^ 
research made such tubes available from 1917, and today single tubes 
give an output of 100 kw. or more. 

Further development of the vacuum-tube transmitter. Impetus was 
given to the early development of radio telephony by a brilliant experi- 
ment made by the American Telephone and Telegraph Compan}'' in 1915, 
in conjunction with the Navy Department at the Naval Radio Station at 
Arlington, Virginia, where a batter^’’ of vacuum-tube oscillators was 
assembled for experimental work. Tubes of only a few watts output 
were available at that time, but a sufficient number were mounted to- 
gether in racks to give an aggregate output of several kilowatts of high- 
frequency energy. Telephone conversations directed from the Arlington 
station were heard at times in Paris and in the Hawaiian Islands, where 
listening posts had been established. 

During the First World War, the Government had developed vacuum- 
tube transmitters for portable military work. By 1917, the General 
Electric Company had perfected and produced transmitting tubes capa- 
ble of a 250-watts output^ which were assembled in radio telegraph and 
telephone circuits. In 1919, the General Electric Company installed a 
powerful vacuum-tube radio-telephone transmitter on the S.S. George 
Washington, the ship which carried President Wilson to the Peace 
Conference. Telephone communication was established with the New 
Brunswick and Belmar, New Jersey, stations of the American Marconi 
Company up to distances of 1,100 miles in daylight and across the 
Atlantic by night 

Broadcasting experiments — DeForest. In 1916, Dr. DeForest re- 
newed his radio-telephone activities in the transmission of speech and 
music from a station at High Bridge, New York, using the vacuum-tube 
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transmitter At the same time, a powerful broadcasting transmitter was 
being developed at the radio laboratory of the College of the City of 
New York, by Dr. Alfred N. Goldsmith and Julius Weinberger. This 
was operated nightly, using phonograph records and local speech, and 
was heard by many amateurs within a range of hundreds of miles 

The possibilities of this new method of disseminating entertainment 
to the home had not yet reached the layman^s mind. It was a novelty 
enjoyed by a few radio amateurs familiar with the technicalities of the 
art. The final link — the stimulation of popular interest and that of 
developing receiving apparatus for the home simple enough for anyone 
to operate and, at the same time, efficient in reception — yet to come 
The DcForcst station, as well as other commercial and private stations, 
was closed down when the United States declared war on Germany in 
1917, but DeForest recommenced this activity in 1919, when the Govern- 
ment ban was lifted, establishing a studio in New York, Again the 
speech and the music thus transmitted were appreciated only by radio 
amateurs; however, since the station interfered with the operation of 
radio-telegraph stations in the vicinity of New York, DeForest^s work 
was brought to a close. The transmitter was then moved to San Fran- 
cisco, and broadcasting experiments were continued in that city into the 
summer of 1920. 

First news bulletins transmitted. The DeForest Radio Telegraph 
and Telephone Company sold amateur and experimental radio-telephone 
transmitters of low power during this period, and one of these sets was 
purchased by the Detroit Daily News and employed for sending out news 
bulletins, which were heard by radio amateurs. This activity started in 
August, 1920, and has been a feature of this newspaper's radio activities 
since that time. The operation of this station created local amateur 
interest, but the nation-wide furor over this new development was yet 
to come. 

Radio-telephony developments during the First World War — West- 
inghouse Electric and Manufacturing Company. Throughout the 
period of the First World War, radio development was proceeding in the 
laboratory of the Westinghouse Electric and Manufacturing Company 
at Pittsburgh, Pennsylvania. Because of the important work done by 
that company, the Government permitted it to continue certain radio 
activities without interruption throughout the war at two radio stations 
in Pittsburgh, about 5 miles apart. Dr. Frank Conrad directed the 
laboratory development, and Dr. H. P. Davis was in charge of the West- 
inghouse Company's War activities. Conrad's work was closely coordi- 
nated with that of the Signal Corps; his researches developed new ideas 
that constituted important advances in the art. At the close of the war. 
Dr. Conrad continued his experiments in radio telephony between these 
two stations, transmitting musical programs, talks, and baseball and 
football scores which aroused the interest of radio amateurs and some 
laymen in that district. 

The first public broadcasting service — Davis. An enterprising Pitts- 
burgh department store, the Joseph Home Company, sponsored a small 
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newspaper advertisement announcing the sale of radio receivers for recep- 
tion of phonograph music being broadcast by the Westinghouse Company. 
Dr. Davis sensed that the public might then be receptive to this new 
means of disseminating entertainment if broadcasting could be adapted 
to their need wnfli the utmost simplicity. As a result, early in 1920, 
plans were put into effect by Davis and Conrad for the installation of 
a more pow’erful radio-telephone transmitter, which was ready for opera- 
tion the following autumn. A public broadcast service was commenced 
on November 2, with the historic broadcasting of the returns of the presi- 
dential election. It continued with a regular daily scheduled program 
from that date. Dr. Davis is therefore properly credited with being the 
first instigator of an organized public broadcast ser\dce. Because of the 
interest excited, Westinghouse produced for the Radio Corporation some 
simple receivers for operation by laymen. The instant success of this 
station's operations led the Westinghouse Company to erect more stations 
— at Springfield, Mass., in September, 1921; WJZ at Newark, N. J., 
on October 12, 1921; and KTW at Chicago, III, on November 11, 1921. 

By the spring of 1922, the operation of these stations produced a 
nation-wide enthusiasm, and beginning vdth the summer of 1922, new 
broadcasting stations were erected by various interests throughout the 
nation. From the few stations in operation in 1921, the number increased 
to nearly 300 by the close of 1922, and between 500 and 600 broadcasting 
stations kept in operation until the middle of 1926. By the middle of 
1927, the number had grovm to 700. 

Status of the Radio Industry in 1919 

Reference has already been made to some of the numerous improve- 
ments in radio apparatus that were patented b}" American inventors 
during the period from 1912 to 1919, and particularly during the First 
World War. It has been shown how the continuous-wa^’e system of radio 
transmission, combined with heterodjme reception as conceived by Fes- 
senden in 1902 and used experimentally by him throughout the period 
1901 to 1912, was put to practical use by the Goveniment in 1913 (and 
subsequent thereto) , demonstrating its improvement over the spark trans- 
mitter. It has been explained how the experiments made with the 
vacuum-tube transmitter prior to 1919 revealed its destiny as the ulti- 
mate form of high-frequency generator for radio-telephone and telegraph 
transmission. Already recounted is Armstrong’s annoimcement of the 
regenerative receiver in 1913 and of the superheterodyne in 1918, as well 
as Alexanderson’s disclosure of the tuned radio-frequency circuit in 1916, 
which paved the vray for tremendous progress in the efficiency of radio- 
receiving apparatus. We are therefore aware that, throughout the period 
from 1912 to 1919, research physicists of the large electrical companies, 
engineers attached to the staff of the Army and Na^T Departments, and 
laboratories of the great universities were all engaged in ex^perimenting 
with new radio developments. Thousands of patents were applied for 
and their ownership was widely scattered. We are also familiar with the 
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action taken by the Government in overcoming this complex patent 
situation during the First World War. The story of radio patents 
proceeds. 

Success of high-frequency generators — radio begins to compete 
with cables. In 1917, an event took place which was destined to change 
the history of radio development in the United States. Prior to our entry 
into the First World War, the General Electric Company, at the invi- 
tation of the Navy Department, had installed, for communication with 
Europe, a 50-kw. Alexandei’son higli-frequency alternator at the higli- 
power station of the Marconi Wireless Telegraph Company of America 
at New Brunswick. This machine incorporated many improvements 
not evident in the design of prior types of high-frequency alternators. 
The first demonstrations of this apparatus were successful, and it was at 
once placed in continuous service, handling a large amount of Govern- 
ment radio traffic during the war. It was recognized, however, that a 
high-frequency generator of greater output would be necessary for con- 
tinuous and reliable transoceanic communication. The General Electric 
Company’’ immediately began the manufacture of a 200-kw. alternator, 
which was installed at New Brunswick in 1918. The new alternator 
had several outstanding and noA^el features. It was connected to an 
aerial known as the “multiple-tuned antenna system*^ which represented 
a wholly new design in the art and gave an over- all efficiency of about 
seven times that procured from any other Kigh-frequency alternator sys- 
tem. The system operated so satisfactorily that it was pronounced by 
the Navy Department the most efficient transmitting system for inter- 
national communication developed to date. For the first time in the 
history of the radio industry, it was believed that radio could compete 
with the cables in world-wide communication. 

Necessity seen for an American organization to control radio com- 
munication in the United States. Several years prior to 1919, the Na^^’' 
Department had been fearful that control of international radio com- 
munications from America would fall into the hands of foreign radio 
companies or foreign governments. Knowing that the Marconi Wireless 
Telegraph Company of America was a subsidiary of the British Marconi 
Company and that the latter company seemed destined to control a 
greater part of the international radio-communication circuits, the Na^^ 
formulated a policy which enabled the control of the American terminals 
of these circuits to remain in American hands. It had observed the 
patent complexities that existed in the art in 1919 and even in prior years, 
indicating quite clearly that no single American company then existent 
could provide the Government or itself with apparatus embodying the 
latest improvements in the art without infringing on the patent rights of 
some other patentee. It w^as aware that the General Electric Company 
was conducting negotiations with the British jNIarconi Company for the 
purchase by the latter of the Alexanderson high-frequency alternators for 
international communication. The experience of the First World W^^ 
had shown the necessity of having radio stations capable of transmitting 
directly to all points of the world without supervision or censorship on 
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the part of other nations. It was therefore the belief of Government 
officials that such stations should be in the control of the Government or 
of private interests that were wholly Amcrican-owiK‘d. This was deemed 
necessary as a safeguard, not only in the event of future wars, but to the 
development of our international commerce as well. In arriving at these 
conclusions, the Government officials could not have been unmindful of 
the dominating position of Great Britain in transoceanic cable communi- 
cation. 

In April, 1919, the Acting Secrctaiy of the Na\y of the United States 
wrote to the General Electric Company requesting that the company 
confer with representatives of the ISTavy Department before entering into 
any final agreement with the British J^Iavconi intoicsts with rc^^pect to 
the high-frequency alternator. A conference was called in Kew York 
City a few days later, at which lime the Government rcpre^ciitatives 
pointed out that, if the General Electric Company should disj)ose of the 
Alexanderson apparatus to foreign interests, such interests would be able 
to maintain a monopoly of world-wide communication for an indefinite 
period. The situation was considered critical because the Marconi com- 
panies were seeking further concessions throughout the world. If suc- 
cessful, sucli action would give the British Government and the British 
companies a practical monopoly of international communications. One 
Government representative offered the suggestion that the}- form a wholly 
American-owned company that would be in a j)osition to treat with the 
British ^larconi Company on equal terms. Since the American INIarconi 
Company was the leading communications company in the United States 
and controlled, among others, the dominating Fleming-tube patent, it was 
suggested, in the course of the discussion which followed, that a union 
of the facilities and patent rights of these two companies might become 
the nucleus of an American organization which would keep control of 
United States radio communications in United States hands. 

Negotiations between American and British interests. Representa- 
tives of the General Electric Company then approached the British 
Marconi Company to determine whether they would be receptive to 
such a proposal. Its acceptance would mean, in effect, that the British 
Marconi Company would dispose of its interests in tlie American J^Iarconi 
Company. The British !Marconi Company, having witnessed the deter- 
mined opposition of the United States Government officials to British 
domination, acceded to the suggestion; and in the autumn of 1919, tenta- 
tive arrangements were agreed upon by the British IMarconi Company 
and the General Electric Compan5^ These tentative arrangements had 
the approval of officials of the Navy Department. 

Radio Corporation of America. The General Electric Company was 
equally solicitious with the Na%y Department in the formation of an 
American-owned radio company, for it wanted a commercial outlet for 
its patents and inventions in the radio field It was convinced that its 
patent rights were insufficient to enable it to go forward with a compre- 
hensive commercial program without infringement of other patent rights 
and that other interests were in possession of inventions necessary for 
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the commercial success of its own system. Again, it had noted the large 
investment made by the American Marconi Company in patents, stations, 
plants, and equipment, and foresaw that these facilities could be put to 
immediate use for the commercial exploitation of the General Electric 
inventions As a result of these overtures, the Radio Corporation of 
America was formed on October 17, 1919, representing a union of the 
patent rights and interests of the General Electric Company and the 
^larconi Wireless Telegraph Company of America. The two companies 
exchanged cross-licenses under their respective patents, and the Radio 
Corporation purchased a quantity of Alexanderson high-frequency alter- 
nators for rehabilitation of the transoceanic radio system which it had 
acquired from the Marconi Company. Thus the American Marconi 
Company was freed from British control. 

Cooperation between the General Electric Company and the Radio 
Corporation of America. The articles of incorporation of the Radio 
Corporation of America were so drawn as to insure that 80 per cent of 
its stock would at all times be in the hands of loyal American stock- 
holders. In the execution of the cross-licensing agreement between the 
General Electric Company and the Radio Corporation of America, the 
normal business fields of the two companies were given logical considera- 
tion. The natural field of the General Electric Company was not that 
of communication, particularly radio communication; it was engaged 
primarily in selling electrical devices for purposes other than radio, but 
its scientists were conducting electrical research and making discoveries 
applicable to the radio field as well as to their own spheres of operations. 
The Radio Corporation of America, on the other hand, had the radio 
stations and business of the Marconi Company and a highly specialized 
organization well versed in the problems and conduct of radio-communi- 
cation business. The Radio Corporation had no manufacturing facilities 
and but limited research facilities, while the General Electric Company 
possessed both of these in large measure. Hence, under the terms of 
the agreement, the General Electric Company was to do the manufac- 
turing and retain nonradio rights under the radio patents that had been 
joined m the formation of the Radio Corporation of America, while the 
latter company obtained the rights to use and sell radio devices under 
these patents. The General Electric Company promised to continue 
its research activities 

The patent situation in 1919. Here was the first effort toward re- 
moval of the patent deadlock that existed throughout the industry in 
the United States at the end of the First World War. No individual 
patentee, radio-manufacturing company, or electrical company could, in 
1919, build radio-transmitting and receiving apparatus equal in efficiency 
to that installed and put to use by the Government during the war period 
without infringement of adversely held patent rights. For example, the 
DeForest audion was covered by the Fleming patent, owned by the 
Marconi Wireless Telegraph Company of America, as well as by 
DeForest’s patents. 
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Important research work on the elimination of static in transoceanic 
communication had been conducted by R. A. Weagant and others for the 
Marconi Wireless Telegraph Company of America, upon which patents 
were pending. Langmuir^s high-vacuum-tube developments, the Alex- 
anderson alternator and tuned radio-frequency inventions, and the broad 
patent on the modulator s 3 '’stems were owned by the General Electric 
Company. The regenerative and superheterodyne circuits were owned 
by E. H. Armstrong. The negative grid bias, an important invention 
of F. Lowenstein, was owned by the American Telephone and Telegraph 
Company, which also owned the Arnold rights in the high-vacuum tube; 
and in 1917, this same company purchased exclusive rights to the 
DeForest audion and other DeForest patents, except for certain limited 
reserved rights. The American Telephone and Telegraph Company had 
deA’^eloped, in its own laboratories, important improvements in vacuum- 
tube receivers and vacuum-tube transmitters, including a practical tube- 
modulator system. It developed some basic inventions applicable to all 
phases of the radio field. Fundamental patents, pertaining to the super- 
lieterodyne and other radio inventions also, were issued to other in- 
ventors, such as Frederick Vreeland and John Hays Hammond. Then 
there were the important Fessenden patents already mentioned. Thus, 
although the agreements between the General Electric Company and the 
Marconi Wireless Telegraph Company of America were important steps 
toward removing the United States patent deadlock, the deadlock was 
not completely removed. 

It should be noted that, prior to 1912, radio development was almost 
wholly in the hands of companies formed primarily and exclusively for 
exploitation of the radio field. But just prior to 1912 and subsequent to 
that year, we find, at the expense of some repetition, that the laboratories 
of the large electrical interests in the United States were beginning to 
investigate radio phenomena. Recognizing that the design of radio 
apparatus up to that time had been more or less upon the ^'hit-and-miss’ 
principle, that the communication range of the systems then in use was 
limited, and that many basic inventions had been made which had not 
passed beyond the stage of an idea, these physicists and inventors took 
the entire technical situation under review and endeavored to obtain a 
better and more practical interpretation of the underlying ph 3 ’’sical laws 
The General Electric Compan 3 ^ had done some development work in the 
high-frequency alternator field prior to 1912. From 1910 on, the Ameri- 
can Telephone and Telegraph Company investigated tlie possibility of 
using the DeForest audion as an amplifier in land-line telephony and 
soon adopted it for overland long-distance telephone communication. 
The laboratory experts of the Western Electric Company and the Ameri- 
can Telephone and Telegraph Company undertook aggressively the 
development of improved vacuum tubes in their application to radio 
as well at to telephone work; and, having acquired certain patent rights 
from Lowenstein and otliers, including DeForest, in 1917, in addition to 
many very important inventions developed in its ovm organization,^ the 
American Telephone and Telegraph Company, by 1919, was thus in a 
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position of patent strength in the radio field. The outstanding 'work in 
radio development by the General Electric Company between 1912 and 
1919 has been already shown, so that there were three large interests in 
the field which possessed valuable and important patents, not to mention 
the many patents held by outside individuals. 

Cooperation between the General Electric Company and the Ameri- 
can Telephone and Telegraph Company. The American Telephone and 
Telegraph Company observed that other interests held valuable radio 
patent rights under which it required licenses to proceed with tlie devel- 
opment of an efficient and modern radio-communication system In 
Januaiy, 1920, the acting chief of the Bureau of Steam Engineering of 
the Navy Department wrote to the General Electric Company and to 
the Telephone Company urging an exchange of patent licenses in the 
vacuum-tube field, referring to the urgency for unlocking the patent 
situation in the vacuum-tube field as a ^'public necessity/^ Following 
extended negotiations, the Telephone Company and the General Electric 
Company entered into cross-license arrangements on July 1, 1920, the 
radio rights so secured by the General Electric Company being passed 
on to the Radio Corporation of America and the Telephone Company 
reserving to itself certain rights of the radio field. 

Westinghouse interest in radio transmission. But the Westinghousc 
Electric and Manufacturing Company remained to be reckoned with. It 
is natural that a concern of such importance should have been actively 
seeking to safeguard its own future in the development of a great new 
industry such as radio. 

It will be remembered that the Westinghouse Companj^ had done 
important radio work for the Government during the war, at which time 
none had to reckon with patent restrictions That was a period of 
design and construction, however, rather than speculative research, and 
the contribution of Westinghousc to the Government's job in hand was 
considerable. In its close cooperation with the Signal Corps, the activi- 
ties of the Westinghousc laboratory* were directed principally at a prac- 
tical application of the many radio developments then existent. Thus, 
though the war work of the Westinghousc Company will ever redound to 
its credit, it was not of a nature to place the company in a competitive 
position. It is understandable, however, that Westinghouse considered it 
liad earned the right to participate in the further, peacetime development 
of the radio industry and that, recognizing a position of patent strength 
as the best guarantee of a competitive position in the future, it proceeded 
in that diicction. 

The astuteness with which Westinghouse acquired radio patents at 
the same time that it redoubled its own researcli activities gave ample 
evidence that that company was fully awake to the trend of development 
at that time and its future significance. First, a part ownership was 
bought in the International Radio Telegraph Company, successor to the 
National Electric Signalling Company, and a new International Radio 
Telegraph Company was formed in May, 1920. This brought to West- 
ingliousc control of the Fessenden inventions,* with which it proposed 
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to enter the fields of transoceanic and marine radio communication. 
However, a careful survey of the patent situation revealed that these 
were not sufiScient, for, as yet, it had no rights in the field of vacuum 
tubes. The next step was to obtain an option on the Armstrong regener- 
ative and superheterodyne patents, effected in October, 1921. Later, 
these patents were purchased outright. 

Among other things, it was the plan of the Westinghouse Company to 
develop a high-frequency alternator for the International Radio Tele- 
graph Company to be installed at Belfast, Maine, for international com- 
munication; but in planning this station, it soon developed that the West- 
inghouse Company’s patent position was by no means sufiicient, even after 
its acquisition of the International Company’s patents. In developing 
the high-frequency alternator system, it had to avoid infringement of 
the Alexanderson-altemator patents of the General Electric Company. 
It doubted whether it could develop an antenna system equal in efficiency 
to the multiple-tuned antenna system of the General Electric Company. 
It investigated the Poulsen-arc system to determine whether it was 
feasible for international radio communication. Its subsidiary, the 
International Radio Telegraph Company, exchanged patent licenses with 
the Government under which the International Company secured a 
royalty-free license under the Poulsen-arc patents. It was obvious, 
however, that the arc transmitter could not compete with the highly 
perfected Alexanderson system. 

Westinghouse had hoped to manufacture and sell radio transmitters 
and receivers for ship-to-ship and ship-to-shore radio-communication 
seiwice, but when it came to the production of such apparatus, it found 
that the important patents w'ere owned by outside interests. 

In the field of vacuum tubes, it had no basic patents. It attempted to 
develop a vacuum tube that would not infringe on the Fleming and 
DeForest patents, but without success. It found that the patents re- 
lating to modulating schemes for radio telephony were covered by the 
^patents of other interests — ^the American Telephone and Telegraph Com- 
pany and the General Electric Company. 

Westinghouse exchanges cross-licenses with the other three large 
interests. Its various patent purchases and developments, however, 
gave the Westinghouse Company a position of patent strength, since it 
was the ovmer of some of the principal inventions covering a continuous- 
wave system of radio communication; but it had no dominating, or '^key, 
patent pertaining to vacuum tubes. It found itself dealing wdth a most 
confusing situation and came to the conclusion that further activity in 
a field having such diversified patent ovmership was hazardous and cer- 
tain to lead to litigation. It had already spent several million dollars, 
either outright or by obligation, only to be mired in the same confusion 
from which its competitors had already begun to extricate themselves 
by the process of cross-licensing. To proceed with the development of 
a radio-communication system, it needed rights under the American 
Telephone and Telegraph, General Electric, and Radio Corporation 
patents. Nevertheless, Westinghouse had provided itself with patents 
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that were also needed by the other companies. Hence, in 1920, when 
it was invited by representatives of the General Electric Companj^ to 
discuss the patent difficulties which still existed in the radio industry, it 
was in a receptive mood to exchange cross-licenses with the Radio 
Corporation of America, the General Electric Company, and the Ameri- 
can Telephone and Telegraph Company, and such agreements were 
executed in July, 1921, 


The First Solution of the Radio-Patent Conflict 

With the conclusion of the patent-licensing agreements between the 
Radio Corporation of America, General Electric Company, American 
Telephone and Telegraph Company, and Westinghouse Electric and 
Manufacturing Company, great steps had been taken toward enabling, 
for the first time, the construction and use of radio-transmitting and 
receiving apparatus that would enable radio to render to the American 
public a reliable communication service, free from palpable patent 
infringement. Without some such arrangement, development of the radio 
art in the United States would have been retarded for years and the 
public would not be enjoying the many new services now available. 

Thus, in summary, when we view the situation as it existed in 1921, 
we find a circumstance in which three of the veiy large corporations in 
American industry, the Government, and many individual inventors 
faced an impassable patent deadlock in the commercial development of 
their radio inventions. We find a fourth organization, the Radio Cor- 
poration of America, which, having acquired the assets of the American 
Marconi Company, had placed itself in an important commercial position 
without the necessary patent rights to build a modern radio system. 
The patent conflict prevented any organization or individual from going 
forward with a comprehensive commercial program. 

The agreements entered into between the members of this group per- 
mitted commercial and technical development to proceed apace. How- 
ever, the patent conflict was not wholly removed by these intercompany 
cross-licensing agreements, for a number of important radio patents 
were held by outside interests under which the RCA later acquired 
rights to enable it to produce a clearly noninfringing system including 
the best-known apparatus and inventions. Nevertheless, the way was 
paved for a tremendous expansion of commercial and technical activities. 
A commercial outlet was made for the many inventions that had been 
made in the radio field in prior years. 

It is often asked why it was necessary for one organization to be 
placed in a position where it could select the best of a large group of 
inventions and patents to develop a reliable system of space radio com- 
munication. The answer is that the inherent technical limitations of 
the radio art called for a coordination of the vei*y best inventions known 
to the industry. Anything short of this would have resulted in inefficient 
and unreliable communication. Wartime experience had shown which 
was best; deliberate retrogression was unthinkable. Only the maximum 
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of efficiency, the maximum of sensitivity, and the maximum of selec- 
tivity — terms familiar to radio engineers — v’ould afford satisfactory 
operation. Universal application of the art vas limited because of the 
limited number of wave lengths available in the radio spectrum for trans- 
mission. The actual power of high-frequency currexits dealt with at the 
radio receiving station is almost infmitesimaL Hence, to record and 
reproduce such signals, apparatus of the maximum sensitivity is esential; 
and to prevent interference between various transmitting stations, the 
maximum of selectivity is essential. Efficient transmission could be 
obtained only with continuous waves and, in radio telephony, onl}" by 
the vacuum-tube transmitter. Efficient receiving systems came only 
from such inventions as the regenerative receiver, the tuned radio- 
frcquenc}' receiver, and the superheterodyne. The superheterodyne itself 
involved practically every fundamental radio patent known to the art, 
and these patents had widely scattered ownership. 

The Development of Broadcasting Subsequent to 1921 

Public enthusiasm for broadcasting aroused. The steps which led 
to the development of organized broadcast transmission service on the 
part of the Westinghouse Company’' in the autumn of 1920 and early in 
1921 have been recounted. 

In February^ 1922, public interest in this new form of home enter- 
tainment grew to such heights that it created a national furor. Ko 
scientific exqieriment in history had produced such a high degree of 
public enthusiasm. The business of selling receiving apparatus for re- 
production of broadcast entertainment expanded at a rate unparalleled 
in industrial histoIy^ Prior to 1921, the sale of radio apparatus other 
than that used for public radio-telegraph communication purposes was 
confined chiefly to the sale of radio parts and vacuum tubes to amateurs 
and exqierimenters for their personal use; but when lay interest was 
aroused by the early broadcasting activities, the demand for simplified 
radio receivers for home entertainment grew to such volume during 1922 
to 1923 that, at times, manufacturing facilities were barely able to cope 
vith the demand. Thus, the sale of radio receivers grew from a business 
of a few thousand dollars per annum in 1922 to hundreds of millions of 
dollars per annum subsequent to 1922. 

Enormous growth of radio manufacturing — patent rights infringed. 
Sensing an opportunity for making quick profits, man3' radio-manufac- 
turing companies were organized in the United States for producing and 
selling broadcast receivers to the public without regard for patent ovmer- 
ship. Infringement of patent rights on the part of these manufacturers 
was the order of the daj”. Indhd duals and organizations hartng no 
prior experience in the art engaged in the manufacture of receiving ap' 
paratus and component parts of radio sets on an unprecedented scale, for 
it was comparatively easy to take the inventions and patents that had 
been developed by others at great expense and to construct a receiving 
set that had sufficient public appeal for the moment. The shortage of 
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radio equipment enabled infringing radio receiving sets to be widely 
made and sold. As a result of these hectic and slipshod maneuvers, the 
market was soon flooded with merchandise. Overproduction, followed 
by liquidations, resulted in large losses. Technical design in the field 
of broadcast receivers was rapid. Receivers were rendered obsolete 
overnight, and new designs were brought forth once a year. The in- 
dustry was in great need of stabilization. The permanence of broadcast 
transmission was uncertain, and some manufacturers became fearful of 
investing capital and producing radio apparatus under such uncertain 
conditions. 

From 1922 on, hundreds of manufacturers engaged solely in the pro- 
duction of component parts for broadcast receivers for subsequent 
assembly on the part of the customer. It was estimated that, in 1924, 
there were about 3,000 manufacturers of parts for home assembly of 
broadcast receivers and 300 set manufacturers, most of whom were 
infringing patents owned by other interests. From the commercial 
viewpoint, this expansion was recognized as abnormal; the industry 
could not continue to suppoii, so many manufacturers of equipment. 
But the business of accessory manufacturers dwindled automatically 
after 1925, for the public no longer evinced marked interest in construct- 
ing receiving apparatus from parts and assemblies made here and there, 
and often not properly coordinated. The market trend was then in the 
direction of complete receiving sets enclosed in cabinets of the table type 
or floor type. Receiving apparatus embodjnng loud speaker and all 
accessory devices in a single cabinet grew in public favor. The public 
demand for the receiving sets shifted from the brand of one manufac- 
turer to the other, and the manufacturer of the brand that declined in 
popularity was often faced with banla*uptcy. By 1926, leading set 
manufacturers had been reduced in number to some 40 organizations, 
and the manufacturers of parts from several thousands to a few hundred. 

Chaotic conditions in the field of marketing. In the field of distribu- 
tion and sales, conditions were equally chaotic from 1922 on. Tiie 
wholesaler and the retailer, regardless of whether they were conversant 
with the technicalities of the art or of the business they were engaged 
in, insisted upon being appointed as distributors of radio merchandise. 
Hence, we find the curious anomaly of radio receiving sets being sold by 
department stores, drugstores, hardware stores, clothiers, and others. 
Little forethought was given to the necessity of having highly specialized 
personnel for the installation and serene e of such equipment. Claims 
were made for performance of radio sets that could never be realized. 
The retail business was often in the hands of a type of merchant who 
took no responsibility after effecting a sale 

Federal Radio Commission appointed. As 1927 approached, the air 
became cluttered with broadcast-transmitting stations. There were not 
enough frequencies or wave lengths in the radio spectrum available for 
all the applicants for broadcast-transmitting licenses The Department 
of Commerce was faced with a most difficult problem, and legislation 
was enacted in February, 1927, placing the assignment of wave lengths 
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for radio transmission in the authority of a new body, the Federal Radio 
Commission, 

AVith all available channels for radio transmission taken up, the 
commission, through sheer technical necessity, placed a limit on the 
number of licenses granted. Its decisions from time to time resulted 
in some severe!}’' contested disputes between iho applicants and the 
commission. 

Necessity for financial support of broadcasting realized. In the 
early days of broadcast development, the sciences of the artists, musicians, 
and professional talent were secured free of charge in practically cvciy^ 
inslance. ]\Iany of these broadcast stations were erected by commercial 
interests primarily for institutional ndvcrlising and to dcvcloj) public 
good will. Rcligioxis organizations, colleges, newspapers, and niannfac-' 
turing companies — in fact, a wide variety of interests — found this new 
channel for entertaining tlic public a source of prestige and good will; 
but they were soon faced with a problem of magnitude, namely, that of 
obtaining revenue for the support of their daily programs. They had 
incurred an obligation which had not been maturely considered at the 
time when these stations were erected. Tlic cost of installing and 
operating such stations was found to be very large. The day was fore- 
seen when artists and entertainers would demand remuneration for these 
services; and from 1925 on, there was a growing fear throughout tlic 
radio industrj* that radio-broadcast entertainment, unless supported by 
some form of revenue, might collapse. Indeed, many of the broadcasters 
found these undertakings so expensive that the}'^ discontinued the opera- 
tion of their stations. What the ftiiurc lield in store was problematic, 
and no immediate solution seemed in sight. 

Development of radio advertising. It was found that a broadcasting 
station had advertising value of a peculiar nature in an entirely new 
field. As the problem of obtaining revenue for the operation of broad- 
casting stations was approaching its crisis, it found solution in a plan 
initiated by the American Telephone and Telegraph Company in its 
operation of station AAT5AF. The Telephone Company adopted a policy 
of selling “time on the air^’ through station AVEAF to commercial or- 
ganizations who had something to sell to the public. Tlie advertising 
features of tlae program were limited to the announcement of the name 
of the manufacturer, the business the manufacturer was engaged in, or 
the merchandise he had to sell. The program was primarily and funda- 
mentally one of varied, high-class entertainment. Subscribers to this 
entertainment quickly found that this form of advertising was remunera- 
tive, that it actually increased the sales of their products and their 
patronage throughout the nation. 

Importance of wire-line interconnection — “network” broadcasting. 
In 1926, radio-broadcasting stations were not interconnected by land-line 
telephone wires except in the case of stations WCAP, in AA^ashington, 
D. C., and WEAF, in New York, which were connected by the land lines 
of the American Telephone and Telegraph Company. By proper tech- 
nical treatment, the wire lines would transmit speech and music without 
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the entertainment which the Columbia System provides to the American 
public is a distinct contribution to the broadcasting art. 

International Broadcasting 

Among the innovations in programs introduced by both the National 
Broadcasting Company and the Columbia Broadcasting Sj’stem is the 
transmission of radio programs from the United States to foreign coun- 
tries and vice versa. This work was begun several 3^ears ago, but it was 
only during 1931 that these feats achieved reasonable reliability. The 
programs are transmitted on what are termed ^'short waves’’ — that is, 
at verj’’ high frequencies. Usually, these transmissions take place on 
wave lengths between 16 and 75 meters. NBC is currently (1941) broad- 
casting international programs 16 hours a day, in English, Spanish, 
Portuguese, Italian, German, and French. 

Importance of short-wave transmission. A detailed statement of the 
technical development of short-wave ti'ansmission for broadcasting and 
for the transmission of international radio-telegraph traffic would occupy 
too nnicli space in tins resume. Suffice it to say that the IVcstinghouse 
Electric and ^Manufacturing Company was initially responsible for the 
eventual success of tliis development, having erected a short-wave 
broadcasting station at East Pittsburgh, Penns 3 dvania, in 1922, which 
simultaneously transmitted the broadcasts of its regular station, KDKA. 
Tlie station was also equipped for radio telegraph 3 \ Its programs and 
its telegraph signals were heard at times throughout the world. About 
the same time, Gugliclmo Marconi engaged in experimentation in this 
field, having established a laboratory on his private 3 "acht, where he had 
conducted such researches and tests in foreign waters. Both he and 
Westingliouse made notable contributions to short-wave development. 
The work of these two pioneers was supplemented by rc^^earch and field 
tests of the General Electric Company and the Radio Corporation of 
America, res\ilting finally in a commerciailj" practical s^^stem for inter- 
national radio communication. After yotxvs of stud}" and anah'sis of 
the phenomena of short-wave transmission, gcnerall}^ on the part of 
engineers, it was found that, by careful and unique design of the trans- 
mitting and receiving apparatus and b}’' the selection of specific wave 
lengths at certain hours of the daj", suitable to general atmospheric con- 
ditions, short waves permitted the transmission of intelligence over verj* 
great distances. Waves below, say, 40 meters were found more effective 
in daylight and waves from 40 to 100 meters more cfTcctive at night. 

; bstacles in international broadcasting. One of the 
‘Wave transmission is the phenomenon of ‘‘^fading/’ 
nt in this section of the radio .‘Spectrum than in others. 

: the Radio Corporation of America have been able 
'^riiable scrvdre by nwans of multiple-receiving 
. reived at two or more points it 

that, when the short-wave signal at a given receiv- 
* ^ ^ Imum, it may be at a maximum at anollicr 
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near by or at some intervening value at still another station. Hence, 
by the erection of a group of such receiving stations and by the combi- 
nation of their outputs, it is possible to secure a transoceanic radio- 
telephone signal of moderately uniform intensity. It is through this de- 
velopment that the international exchange of radio programs has been 
accomplished. IMuch remains to be done, however, to give a ser\dcc 
equal to that rendered by local stations. 

International Radio-Telegraph Communication 

Appreciation of the great strides that have been made in radio tele- 
graph communication is not nearly so universal as the public familiarity 
with broadcasting. This is perhaps only natural, since the business 
of handling messages by radio from continent to continent does not have 
an intimate contact with the home, as does broadcasting. Some of the 
more important developments in this field, leading approximately to the 
year 1920, have already received mention here. Experimental endeavors 
to establish communication with foreign countries prior to 1919 have 
also been described, it being pointed out that the United States stations 
existing at the time this country entered the First "World War were 
employed by the Government. 

On Februar)^ 29, 1920, the Government relinquished control of the 
stations which it had taken into custody upon the declaration of war. 
On that date, it turned over to the Radio Corporation of America the 
stations formerly owned by the Marconi Wireless Telegraph Company of 
America. 

The Radio Corporation had already made plans for rehabilitating 
these stations vnih the Alexanderson high-frequency alternator system. 
Its first installations were made at New Brunswick, N. J., Bolinas, Calif., 
Marion, IMass., Kahuku, in the Hawaiian Islands, and later at the Tuck- 
erton, N. J., station. 

One of the important improvements developed by engineers of the 
RCA group which did much to establish the early success of international 
radio communication was the so-called ‘‘wave antenna,” a new principle 
in radio reception which, for the first time, effectively reduced atmospheric 
electricity commonly knowm as “static.” This new development, 
coupled with vacuum tubes and heterodjme reception, provided more 
uniform and more reliable reception from European stations than did 
any other prior invention knowm to the art. . 

Establishment of the Transoceanic Communication Circuits 

■In the first year of its existence, 1920, the Radio Corporation inaugu- 
rated the following transoceanic radio circuits: 


New York to Great Britain ^March 1 

San Francisco to Hawaii March 1 

Hawaii to Japan March 1 

San Francisco to Japan March 1 

New York to Norway May 17 

New York to Berlin, Germany August 1 

■New York to France December 14 



THE RADIO INDUSTRy 


851 


These new seiwices were made possible by traffic agreements that had 
been executed between the Radio Corporation of America and foreign 
interests, either with the Government bureau in control of international 
communications in a given country or with private corporations 

On November 5, 1921, RCA completed the construction of the Rocky 
Point, Long Island, station, which was officially opened by President 
Harding. This was the world^s largest international radio-telegraph 
station, equipped with an antenna system approximately 12,000 feet in 
length and with 200-kw. high-frequency alternators. In that same year, 
a 200-kw. Alexanderson-alternator system was installed at Tuckerton, 
New’ Jersey. 

By reason of the operating freedom gained through an exchange of 
patent licenses, substantial and effective improvements were made in 
transmitting and receiving apparatus, so that, in these first attempts, a 
practical international radio service could be rendered. One of the first 
results of this new competition in the field of international message 
traffic was a substantial reduction in message rates, the charges estab- 
lished by RCA causing the cable companies to reduce their traffic charges 
to certain foreign countries for the first time in a period of 38 years. 

Short-Wave International Radio-Telegraph Communication 

Experiments with short-wave transmission. At the time the installa- 
tion of the high-frequenej’’ alternator systems was undertaken by the 
Radio Corporation, General Electric Company, Westinghousc Electric 
and Manufacturing Company, and also Senatore Marconi were experi- 
menting with so-called “short-wave^' transmission — ^that is, in the region 
of wave lengths below 100 meters. These waves constituted a distinct 
contrast to the wave lengths cmplo 3 ^ed in the use of high-frequency alter- 
nators and arc transmitters, which were between 8,000 and 25,000 metci-s. 

Short waves prove practical for long-distance communication. It 
was general^ believed, prior to the 3 "cars 1923 and 1924, that short 
waves had no practical value for long-distance communication; conse- 
quently, a large part of this wave band was delegated b}" the Department 
of Commerce to radio amateurs. But experiments of tVcslinghouso, 
General Electric, and the Radio Corporation demonstrated that wave 
lengths under 100 meters had a vary real practical value in international 
communication. As early as September 11, 1924, the engineers of RCA 
and its associated manufacturing companies constructed experimental 
liigh-powcr vacuum-tube transmitters whicli succcssfulh' handled trans- 
oceanic radio traffic between New York and England, and New York and 
Germany. Simultaneously’, the American Telephone and Telegraph 
Company’ obtained satisfactory’ results in establishing two-way^ telephony 
between ships at sea and its land-line telephone .‘^y’stem, demonstrating 
also til at radio telegraphy^ and r.adio telcpliony’ could be conducted 
sitnultancously. In the early’ part of 1923, engineers of the American 
Telephone and Telegraph Company and of the RCA demonstrated that 
a high-power. long-distance vacuum-tube traii'n milter could be connected 
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to land-line telephone systems for long-distance radio telephony. Fes- 
senden, however, was the pioneer in this development, having demon- 
strated the practicability of such a system in 1907. The Telephone 
Company prosecuted this development, until finally it perfected an in- 
ternational radio-telephone service. 

Continued experience in the short-wave field demonstrated that trans- 
mission in this band was attended by extraordinary phenomena, and 
that, although such signals often could not be detected at distances of a 
few miles or a few himdred miles from a transmitting station, they 
could be plainly distinguished at distances several thousand miles from 
the transmitter. With further experience, it was noted that wave lengths 
from 40 meters up to, say, 100 meters were useful in short-wave com- 
munication during hours when both the transmitting and receiving 
stations were located in total darkness and that waves in the neighbor- 
hood of 25 to 35 meters were effective when the transmitter was located 
in the daylight zone and the receiver in darkness or vice versa. Wave 
lengths below 20 meters were found the most effective when both the 
transmitting and receiving stations were located in the daylight zone. 

Problems in designing transmitters. Engineers encoimtered some 
difficult problems in the design of short-wave transmitters. A particular 
vacuum tube suitable for transmission at relatively long wave lengths 
was unsuited to the higher frequencies used in short-wave transmission. 
There was also the problem of securing efficient radiation from such 
transmitters. It required years of experimentation and testing and the 
expenditure of considerable sums of money to cope with these problems, 
but, b}’' 1927, enough had been accomplished, experimentally and prac- 
tically, to demonstrate that technical practices in international radio 
communication were at the turning point — so much so that there ap- 
peared to be no necessity of installing additional high-frequency alter- 
nators for expansion of these services. 

Problem of fading solved — the diversity system. Short-wave trans- 
mission is, as we have said, accompanied by the phenomenon of fading. 
This, however, is a characteristic of all short-wave radio transmitters 
when one endeavors to establish communication beyond the daylight 
range of a given station. It was noted early that the extent of fading at 
a given moment varied with the transmitting wave length, and often 
when signals faded violent^ or disappeared completel}’^ on one wave 
length, communication could be re&tablished at another near-by wave 
length. Constant experimentation with this method of transmission also 
disclosed that, although a signal might fade out at a given receiving 
station, it would be of maximum intensity at another station less than 
1,000 feet awa3\ Noting these phenomena, engineers of the Radio Cor- 
poration devised, in 1928, the so-called “diversity system^^ for radio- 
telegraph and telephone reception, which, in its practical form, consists 
of three receiving stations located 600 to 1,000 feet apart, the signal 
outputs of the stations being connected in common. Thus, through the 
use of appropriate “volume-level” devices, there is usually sufficient 
signal energy in one or another of the receivers to give an acceptable 
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signal in the final output stage. This new system has proved to be the 
most effective method of coping with this problem, for it has made inter- 
national radio-telegraph communication by short waves continuous and 
reliable. It is now usual at short-wave commercial stations to receive 
simultaneous!}’' on a single short-wave antenna system from five to seven 
telegraph messages from different parts of the world. 

Dealing with the situation from 1928 on, we find that the preponder- 
ance of international radio-telegraph traffic from this country is handled 
by short-wave transmitters which, with outputs of 20 kilowatts to 40 
kilowatts, are able to render service over tremendous distances at phe- 
nomenal speeds of operation. 

International radio-traffic circuits. It should be noted, however, that 
the short-wave transmitter has not completely displaced the high-fre- 
quency alternator. Even at this date, the original 200-kw. alternators 
installed by RCA at IMarion, Mass., New Brunswick and Tuckerton, 
N. J., and Rocky Point, N. Y., are dispatching traffic to Europe, to 
countries not equipped for short-wave operation. It is also of interest 
to note that one of the large antenna systems at Rocky Point is used 
the American Telephone and Telegraph Company for international radio 
telephony at the longer wave lengths. 

Tiic Rocky Point installation has more than 30 short-wave transmitters 
for direct contact with various parts of the world. 

The international traffic circuits, cited above, established by RCA, 
were expanded in subsequent years by the following additional circuits: 


New York to Italy August 10, 1923 

New York to Poland October 4, 1923 

New York to Argentina January 25, 1924 

New York to Sweden December i, 1924 

San Francisco to Netherlands India July IG, 1925 

New York to Brazil May 3, 1926 

San Francisco to French Indo-China September 15, 192G 

New York to Holland November 1, 1926 

New York to Netherlands West Indies (St. Martin) . June 21, 1927 

San Francisco to Philippine Islands June 27, 1927 

Hawaii to Philippine Islands Julj" 1, 1927 

New York to Surinam August 9, 1927 

New York to Colombia ... August 12, 1927 

New York to Venezuela August 18, 1927 

New York to Belgium October 3, 1927 

New York to Puerto Rico October 10, 1927 

San Francisco to Hong Kong (via Philippines) July 23, 1927 

San Francisco to Shanghai, China December 6, 1930 

New Y'ork to Turkey December 10, 1927 

New York to Montreal, Canada ...... March 10, 1928 

New York to Portugal . . April 2, 1928 

New York to Australia (via Montreal) June 15, 1928 

New York to Curagao, Netherlands West Indies August 4, 1928 

New York to Liberia September 1, 1928 

New York to Cuba December 4, 1928 

Hawaii to Fiji Islands Maj’’ 1, 1929 

New York to Spain August 1, 1929 

Puerto Rico to New Orleans August 12, 1929 

New York to Syria September 3, 1929 
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New York to Santiago, Chile January 13, 1930 

New York to Panama May 1, 1930 

New Y'ork to U. S. S. R November 13, 1930 

New York to Czechoslovakia • . December 1, 1930 

New York to Dominican Republic December 24, 1930 

San Francisco to Changchun June 9, 1931 

New York to Mexico • . March 15, 1932 

New York to Switzerland • . May 11, 1932 

New York to Haiti July 1, 1932 

New York to Guatemala January 22, 1934 

Honolulu to Tahiti September 1, 1934 

New York to Iceland • January 1, 1938 

San Francisco to Chengtu, China July 30, 1938 

New York to Greenland April 25, 1940 


The list is impressive. It indicates that a large number of inter- 
national traffic circuits are available to American industry engaged in 
export trade, to our diplomatic and consular services, and to the public 
in general — and without the censorship of interv^ening nations in times of 
war or peace. 

Development of a facsimile service. As early as 1924, the Radio 
Corporation had developed a facsimile service by which printed and 
written documents or photographs could be dispatched across the At- 
lantic Ocean. The service has undergone extensive improvement. The 
possibility exists that future progress will enable this method of telegraph 
transmission to be used exclusively. Its value in transmitting legal 
documents, certified copies of contracts, and even bank checks is obvious 

International radio-telephone service. The present international 
radio-telephone service developed by the American Telephone and Tele- 
graph Company is another outcome of the many inventions made in the 
radio art and of the progressive research conducted by its engineers. 
Provision of a w'orkable transoceanic telephone system involved the over- 
coming of more serious technical obstacles than those initially encoun- 
tered in the field of radio telegraphy. However, with the degree of per- 
fection that has now been attained, it is possible for the telephone user 
in any part of the United States to establish direct telephone communi- 
cation with any other subscriber in England and the greater part of 
continental Europe. A similar service is rendered to points in South 
America, Indeed, the principal countries of the W'orld are now connected 
by radio telephone through services established by interests abroad as* 
well as those established by the American Telephone and Telegraph Com- 
pany in the United States. 

RCA Extends Licenses to Outside Radio Manufacturers 

Patent litigation. Widespread infringement of the patents owned by 
RCA or under which it obtained licenses from the original owner led 
to extensive patent litigation in the period 1921 to 1927, and several court 
decisions were handed down in which the validity of certain of the basic 
radio patents was established. 

Some of the more responsible firms then engaged in the manufacture 
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of infringing radio-broadcast receivers became more and more alarmed 
about the liazards of the business, foreseeing that, sooner or later, i)atcnt 
rights must be respected and that, if they continued to do business on 
such unsound grounds, they ^Yould face disaster. The Radio Corpoia- 
tion, on the other hand, saw that it could cope with the nution-widc 
infringement of its patent rights only by tlie expenditure of huge sums 
of money, time, and encrg>% and that success in suppressing infnngers 
would result in much ill-will. It appeared to the Radio Corjmration 
that the interests of all concerned could best be seiwed by granting licenses 
to the manufacturers uhosc sets liad gained public acceptance and who 
were financially sound and capable of serving the public. 

Licenses granted to manufacturers. Broadcast-receiver licenses were 
originall}" granted only for uhat wore termed ‘Huiied radio-ficqucncy 
receivers.'^ However, in 1930, the licenses were extended in scope to 
include all kinds of radio-telephone broadcast receivers, such as super- 
heterodyne receivers, which have nearly completely'^ superseded and out- 
moded tuned radio-ficqucncy^ receivers; and also receivers of broadcast 
moving and still pictures, known as ‘^tclevisioif' and “facsimile receiv- 
ers," electric phonographs, and talking moving-picture reproducers for 
use in homes. Therefore, the broadcast-receiver licenses granted by 
RCA have long included all kinds of “homo.” apparatus utilizing radio 
circuits for which there is a real or potential demand by the general 
public. 

One of the first manufacturers to take advantage of such an arrange- 
ment was the Zenith Radio Corporation of Chicago, \Yhich. for y’cars 
prior to 1927, had operated a broadcasting station and manufactured 
broadcast receivers utilizing circuit and vacuum-tube patents of the 
Radio Corporation and its manufacturing associates. Subsequently, a 
number of other manufacturers took licenses, so that, by November, 1927, 
licenses liad been granted by the Radio Corporation to 23 manufacturers 
of radio-broadcast receivers. These license agreements contained no 
restrictions as to tlie number of sets to be manufactured l^y the licenFce 
or the price at which they’ were to be sold. TIuh, licenced competition 
in the radio-broadcast field was in no wise restricted. 

Licenses afford extraordinary advantages. Emphasis- should be laid 
on the extraordinary' facilities which these licenses afTonlod to fhe^e 
manufacturer.-^ For example, if the research departments of the Radio 
Con)oration of America, General Electric Company', We.^tiughoxi*^*: Eice- 
trie and Manufacturing Company, Western Electric Company, anrl 
American Telephone and Telegraph Company originated nc'r develop- 
ment.^ in the tuned radio-frequency* field, the right to U'-e sufh itivcntion*^ 
immediately passed to the licensee. Tiie cost of the cornliined re-eatrii 
of all these companies in the radio field hn'- amounted lo many inilfionc 
of dollars, and the practical results of cxpuvUtxins to the 

licensed manufacturers ^rithout cost, other than tin* roy'nhy* c!inrg»‘’^ 

The Radin Corporation abo .ncquired many out^’uh' paterP'f nt*:d'd in 
ord‘W to marmfacturf and sell the tfeohnt ly|H‘'i of r;»dio 
free from infring'funeni. If th^ rigi)t« to obtairiM pemdi«c<i tin* Radio 
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Corporation to extend licenses to the others, the set licensees automati- 
cally obtained rights in their fields under these patents. 

It should be noted here that the cross-licensing agreements effected 
between the Radio Corporation group and its cross-licensing associates 
did not include all of the patents in the radio field; nor did it wholly 
free a manufacturer from the possibility of infringement. Many radio- 
patent rights are held by other interests, some of which have also licensed 
RCA^s licensees. 

Chaotic condition developed in vacuum-tube fields, A chaotic condi- 
tion developed in the manufacture and sale of vacuum tubes. The 
important and basic patents resulted from inventions made or acquired 
by the members of what we shall, for convenience, call the “RCA group,” 
but a number of manufacturers engaged in the production of vacuum 
tubes without regard to existing patents. At one time, 100 or more com- 
panies were producing tubes; and the product of some of these manu- 
facturers was sold to the public, often at prices that did not take into 
account the cost of production. As a result, there were many failures, 
although new companies sprang up to take their places. 

Licenses granted to tube manufacturers. This situation promised 
a confusion like that which had existed in the radio-set field. Again, it 
seemed imperative to eliminate the great difficulties of this phase of the 
radio business. To this end, the Radio Corporation, in 1929, granted 
licenses under all of its vacuum-tube patents to a number of tube manu- 
facturers. 

Outline of RCA’s licensing rights. The fields and apparatus for 
which RCA has in general the right to grant licenses to others under the 
patents of the American Telephone and Telegraph Company, in addition 
to its own patents and those of General Electric and Westinghouse, are 
as follows: 

(1) Wireless telephony: 

(a) For one-way wireless reception of programs. 

(h) For amateur wireless telephony. 

(c) For two-way transoceanic apparatus for export from the continental 
United States 

(2) Wireless telegraph j’’ (including facsimile and television) : 

(a) For all purposes including public-service communication, except com- 
bined telephone and telegraph sets for use on ships 

(3) Wire telephony: 

(а) For the reception of programs over wires and other conductors. 

(б) For the one-way transmission and reception of programs over electnc- 

light, heat, power, and traction lines. 

(c) For carrier-current communication over electric-light, heat, power, 
and traction lines only for the use of the owner or operator of such 
lines. 

(4) Wure telegraphy : 

(a) For transmission and reception of programs over electric-light, heat, 
power, and traction lines 

(5) Electncal phonographs for use in homes and for use in combmation with 
radio-broadcast receivers or with apparatus for the transmission and recep- 
tion of programs over electric-light, heat, power, and traction hues. 
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(6) Electrical apparatus for the production in homes of sound records and for 
such records themselves {for private use and not for sale), and for such ap- 
paratus in combination with radio-broadcast receivers or with apparatus in 
the field of one-way wire telephony for the transmission and reception of 
programs over electric-light, heat, power, and traction lines 

(7) Appaiatus for tlie taking or projection of pictures, apparatus for coordinating 
such taking or projection in i elation to tlie recording or repioduction of sound 
records, and such sound and picture records themselves only for piivate use 
in homes for entertainment and educational purposes 

(8) Methods and piocesses for the recording of sound and the production of 
sound lecoids, and the reproduction of sound from records in connection with 
the use of apparatus for which RCA is otherwise licensed 

(9) Radio goniometry. 

In addition to the foregoing, RCA has the right to grant licenses to 
others under the patents of General Electric and Westinghouse, as well 
as its own, but not under the patents of the American Telephone and 
Telegraph Company, in general, for all other fields of wireless telephonj’' 
and wireless telegraphy than the foregoing, for certain fields of wire 
telephony and wire telegraphy, for most uses of electric phonography, for 
the recording of sound and pictures and the reproduction thereof from 
records, and for sound-originating apparatus. 

Licenses Granted to Broadcasting Transmitters 

Several hundred broadcasting stations were erected by various inter- 
ests in the United States between 1921 and 1927, quite regardless of the 
ownership of patents pertaining to such equipment. Noting this nation- 
wide infringement of its patent rights and licenses under patents, the 
American Telephone and Telegraph Company took action in defense 
thereof, instituting a few infringement suits, one of which was against 
a station located in New York City After due consideration of the 
circumstances existing in the industry, the American Telephone and 
Telegraph Company inaugurated a licensing policy under which the 
infringing stations could continue to operate and could also secure the 
Telephone Company's wire-line facilities for station interconnection. 
The attitude of the American Telephone and Telegraph Company was 
another instance in which the solution permitted a group of conflicting 
patents to be used for the public benefit. 

Unwarranted criticism o£ license agreements. Uninformed critics, 
perhaps without knowledge of the peculiar set of circumstances that 
attended the growth of the radio industry in this country, have been 
prone to treat the interchange of licenses as a premeditated plan of a 
group of industries to attain unwarranted control of the radio business 
They do not understand that cross-licensing was a sheer technical ne- 
cessity born of the limitations of the art. What actually happened was 
that this group resolved the most chaotic patent situation that has ever 
existed in any industry into a situation where the benefits of all of the 
patents accnied to the public good, permitting the lawful manufacture 
and sale of devices embodying all the eflicienc 3 ’’ of operation and refine- 
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ment of which the art was technically capable. The licensing policy of 
the Radio Corporation and its associates has had the effect of encourag- 
ing very great competition in the radio industry. 

Probable results without license agreement. Let us consider for a 
moment the conditions that probably would have obtained had not the 
great organizations concerned exchanged patent licenses. The industry 
would then have labored under the handicaps of conflicting patents with 
overlapping claims. Each company would have been compelled to pay 
tribute to some other company or patentee — ^not to one or two patent 
owners, but to a large number. The license fees which these many 
individual patentees could have justly demanded individually would, in 
the aggregate, have been so great in themselves as to prevent the de- 
velopment of satisfactory radio devices and the practical manufacture 
and sale of these devices. Indeed, the development of the art would 
have been retarded and the American public would not, at this date, haA^e 
the advantages and benefits which it now derives from an organized 
broadcast service, a world-wide radio telegraph and telephone service, 
improved recording and reproduction of speech and music, talking pic- 
tures, and the numerous other devices born in the radio field. 


Research and Development 

During 1939, the major emphasis of the adA’^anced work of RCA Labo- 
ratories was upon dcA^'clopments in the ultra-high frequency field. Out 
of these investigations haA-e come entirely new types of vacuum tubes 
for producing power and for amplifying and detecting radio signals OA’^er 
the vast new range of frequencies' extending from 30,000 to 1,000,000 
kilocycles. These higher frequencies are useful in nearly all fields of 
radio communication — ^telegraphy, telephony, sound broadcasting, fac- 
simile, television, and marine, aviation, and police services. 

Three new services now beckon those who seek to expand radioes use- 
fulness They are: radio facsimile, frequency modulation, and tele- 
Ausion. 

Radio facsimile. Radio facsimile is the transmission of pictures and 
printed matter through the air. It is now bringing photographs from 
many parts of the world for prompt use in daily newspapers. Its de- 
velopment may include services for the home, as well as for the press. 

Frequency modulation. Frequency modulation (F.M.) holds much 
promise for the future. Its gro^h in broadcasting services will prob- 
ably be gradual. Only time can determine the extent of its full devel- 
opment. 

RCA’s research engineers have done pioneering work in this field and 
in the development of uses for the ultra-high frequency spectrum, where 
F.M. has its most adA^antageous applications. Laboratory tests and field 
experiments haA^e been extensive. Many fundamental inventions have 
been made during the course of this work. 

F.M. represents an important forward step in the broadcasting of 
sound. The Federal Communications Commission authorized frequency 
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modulation on a commercial basis on May 20, 1940, and established 
procedure on June 29 of the same year. 

Television, Television, on the other hand, adds sight to sound and 
stands today on the threshold of public service. In time, it is bound to 



Fig 1. Model of an RCA radio-facsimile receiver 


revolutionize the broadcasting industrj^ just as the addition of sound to 
sight revolutionized the motion-picture industry. 

While television will provide a new service for the home, it will be 
useful also in theaters and other public places No one can foresee all 
the future uses to which it may ultimately be put, but this much is 
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clear: tlie addition of sight to sound in radio 'vsdil be of vital importance 
to industry, education, and entertainment. 

The quality of television images broadcast fay NBC has shown steady 
improvement in brilliance and clarity.^ A new type of Iconoscope, or 
pick-up tube — the ''Orthicon'^ — was developed by RCA Laboratories and 
tested with great success by NBC. This type of Iconoscope, far more 
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Fig. 3. A new radio relay system By means of tin’s system, television picturcss 
can be transmitted between widely separated cities It was demonstiated recently 
by the Radio Corporation of America for members of the Federal Communications 
Commission. The ^stem, developed by RCA Laboiatoues, woiks automatically. 
It makes possible the establishment of mlcicity television ncU\orks similar m eSect 
to those used in sound broadcasting. 


sensitive than any heretofore employed and requiring less brilliant light 
on the subjects televised, was made available to all television stations 
during 1940. Similarly, the latest types of television transmitters de- 
veloped by RCA are available to all stations, through the RCA Alanu- 
facturing Company. RCA has licensed competing manufacturers, in 
consideration of royalty payments, to make and sell such transmitters, 
as well as television receivers. 
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Two important new television developments are now technically ready 
for public service. One is a system of television-radio relays, different 
from any other system so far devised, which offsets the distance limita- 
tions of ultra-short waves. This new RCA system makes possible the 
establishment of intercity television networks comparable to the wire 
networks of sound broadcasting. This development makes it feasible to 



Fig. 4 Theater television projector, developed by RCA Laboratories, operating 
in conjunction with a multisonic sound sj^stem, as demonstrated at the New Yorker 
Theater for the Federal Communications Commission and National Television Sy^ 
tern Committee, The telepictures, 15 b 5 * 20 feet, are projected onto a screen located 
on the stage 60 feet from the steel-jacketed projector. The operators at the control 
desks regulate the focus, brilliancy, and sound volume of the picture. Eighteen 
high- and low-froquoncy loudspeaker systems scattered throughout the theater are 
used in the multisonic arrangement. 

set up a radio-relay system for television linking New Y'ork City, for 
example, with Washington, D. C., and with Boston and other intermedi- 
ate cities. 

The other new tele\rision development is the improved projection of 
large-screen television images, of a size and clarity suitable for theater 
presentation. Large-screen television will permit the showing of current 




THE RADIO INDUSTRy 


863 


events and other programs to large audiences. The relay system de- 
scribed above offers a practical means for distributing television pro- 
grams to theaters, whether in a single locality or in the several cities 
of a television network. 

Television offers new opportunities for the employment of men and 
money, for the expansion of entertainment and other services, and for 
the creation of a new medium of advertising for American industry and 
business. 
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introduction 

About 5,500,000 people in the United States, or about 1 out of every 
25 , are directly engaged in the retail industry. The more than 1,600,000 
stores paid their full-time and part-time employees nearly $4,000,000,000 
in salaries and wages in 1935. 

Hundreds of thousands of employees in stores intend to work only 
temporarily, earning a few dollars for some special purpose they have in 
mind and then resigning. Labor turnover is enormous. 

Enterprising novices by the thousands place their savings from other 
sources in a stock of goods and open a store. Lack of capital and inex- 
perience are their doom. Every year one third of the grocery stores, one 
fourth of the shoe stores, and one fifth of the dimgstores withdraw from 
business. This high rate of retail mortality is the result of the belief 
that anyone can operate a store. 

It is a common belief that retailing is inseparably connected with run- 
ning a store. This is not true. The Jewel Tea Company, for example, 
has no stores; the Fuller Brush Company, a leader in its line, is a 
storclcss retailer; and Scars Roebuck and Montgomery Ward, until re- 
cently, sold hundieds of millions of dollars of merchandise each year 
without operating stores. But if all retailers could sell merchandise 
without maintaining stores, countless retailing problems would be solved, 
only to have new ones take their place. Nevertlieless, a store symboIi 2 es 
modern retailing, and the history of stores can be traced to antiquity. 
Recently, an ancient store, which had two floors with outside stairs lead- 
ing to the second floor, was excavated in Greece. 

Records indicate that the first commercial trading (3000 b.c.) was car- 
ried on throughout the Mediterranean region by the Minoans or Aegcans 
and that control of trade was successively held by the Phoenicians, 
Greeks, Romans, and Europeans.^ The first traders were adventurers, 
and it is not surprising that their barter was frequently accompanied by 
fraud and violence, ilcrciirj-, the god of cunning and trickcrj% was 

*Nystrom, Paul H, The Beonomtes of JietaiUng (New York: The Ronald Prciw 
Company, 1030), Vol I. 
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chosen the patron deity of merchants. Retailer in Greek means the 
same as falsifier. The old Italian word for retailer also meant ^'the tend- 
ency to cheat/^- 


History o\ Retailing in the United States 

Before the outbreak of the Civil War, four types of retail outlets were 
predominant in the United States: (1) markets and fairs; (2) peddlers; 
(3) general stores; and (4) specialty stores. 

Public markets. Since fairs and markets were the chief centers of 
commerce in Europe during the Middle Ages and were of major impor- 
tance in trade of the sixteenth and early seventeenth centuries, the colo- 
nists brought to America the idea of establishing public markets. In 
1658, Boston, followed by other leading cities, erected a building for a 
market. These public markets were wholesale in nature and are consid- 
ered the forerunners of the organized produce exchanges, such as the 
coffee, sugar, or cotton exchanges in New York and other commercial 
centers. Retail public markets were important, until the last quarter 
of the eighteenth century, as places where products from different locali- 
ties could be exchanged. Their importance tended to decline with the 
growth of stores. 

The fairs. Contrasted with the market, which was local in scope, 
was the fair, which w^as attended by buyers coming from considerable 
distances. Fairs, held only at infrequent intervals, were primaril}’' ex- 
hibitions instead of markets. The fact that the entertainment features 
overshadowed the selling activities of exhibitioners is one of the causes 
for the decline of the fair as a retail outlet. 

Early peddlers. The itinerant merchant or peddler bought his goods 
from factories and importers and at markets, auction places, and fairs. 
He sold them to people in their homes, often bartering with them for 
goods which they could not dispose of to advantage at the market places 
or fairs. There were many types of peddlers — the general peddler, who 
hawked pins, needles, books, combs, small hardware, cotton goods, and 
laces; the one-line peddler, such as the tin peddler, clock peddler, or 
woodenware peddler, w^ho developed with the beginning of the manufac- 
turing industries in New England; the wholesale peddler, who supplied 
the local merchants with goods; the waterv^ay peddlers; and other way- 
farers, such as wandering craftsmen and professional men. 

The early peddlers, mainly New Englanders who were deprived of 
employment opportunities at home, w^ere an adventurous t^^pe, able to 
cope with the dangers of long and lonely stretches of wdlderness between 
customers. As roads became more general and safer, peddling slipped 
into the hands of the older men who were incompetent for other work. 
The introduction of the factory system in New England eased the eco- 
nomic situation and opened opportunities for young men who had pre^u- 
ously been Yankee peddlers. Many of the recent Jewish immigrants 

’Brisco, Norris A., and Wingate, John W., Retail Buying (New York: Prentice- 
HaU, Inc., 1931). 
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started peddling, but as soon as they saved enough from their peddling 
activities, they set up stores. Several great stores had their genesis in 
this manner. 

Origin of the general store. The general store originated as an out- 
growth of trading posts. The trading post of the frontier supplied such 
goods as could not be produced by the pioneers themselves. In nearly 
every community, the first store formerly was a trading post, where furs 
were purchased from Indians or trappers and goods given in exchange. 
As the pioneers became established in their new homes, their wants 
increased in scope. Hence, the trading post was transformed into a 
general store handling dry goods, hardware, groceries, and drugs. The 
general-store merchant usually visited the wholesale centers twice a year, 
buying enough to last until the next trip. Fill-in goods were obtained 
from the wholesale peddlers. 

The retail price of goods was determined by the bargaining ability of 
the customer. Usually, only the cost prices were marked on the goods, 
and a sale was often an extended and heated debate between customer 
and clerk. Advertising was mainly by word of mouth, the only printed 
advertising being statements that the merchant was conducting a general 
store. Owing to the lack of money as exchange media before the War 
of 1812, trades were conducted mostly by barter. Farmers who sold 
their goods to the merchant were given orders on the store for the value 
of the goods. These orders could be used in paying for subsequent pur- 
chases made at the store. Collections on credit accounts were slow, as 
settlements were generally made annually. The social standing of re- 
tailers was decidedly low; they were not even favored by the title of 
^^merchant.” The shopkeeper's, or shopmonger's, low standing resulted 
from his inefficient and often dishonest methods, which left a bad im- 
pression upon the community. It was the general belief that the cus- 
tomer was always the victim. 

Development of the specialty store. With the growth of a commu- 
nity, there arose a demand for a variety of goods in each line greater 
than the general store offered. The one-line independent, or specialty 
store, supplied this need. The specialty store developed first in the 
larger cities and gradually spread to the smaller centers as soon as they 
could support a grocery, hardware store, dry-goods store, or drugstore. 

Development of the department store. There is contradictory evi- 
dence as to the forerunner of the department store. Although some of 
the department stores were outgrowths of general stores, the evidence 
seems to point to the conclusion that department stores originated from 
dry-goods stores. R. H. Macy and Company, in New York, was founded 
in 1858 as a fancy-goods store; Wanamaker's, in Philadelphia, opened in 
1861 as a men's clothing store; Jordan Marsh Company, in Boston, was 
founded in 1851 as a dry-goods jobbing house; Gladding Dry Goods 
Company, in Providence, Rhode Island, was a dry-goods store in 1866; 
and Lord and Taylor, in New York City, opened a dry-goods store in 
1826. 

It is generally accepted that the first department stores arose in 


i 



868 


THE RETAILING INDUSTRY 


France, where the Bon Marche and the Louvre were established in 1852. 
In America, many stores claim to have been the first. Although there 
is no certainty as to which one was the very first to be established as a 
department store, Jordan j\Iarsh of Boston, Hager and Brothers of Lan- 
caster, Pennsylvania, Wanamaker's of Philadelphia, R. H, Macy and 
Company of New York, A. T. Stewart of New York, and the Zion Co- 
operative Mercantile Institute of Salt Lake City were among the first. 

Owing to the falling price levels following the Civil War, the narrow- 
ing margin of profit, the tightening of long-time commercial credit, the 
increasing demand of the public for variety in goods, and the growth of 
population, particular^ in the cities, economic conditions were favorable 
to the appearance of a nevr type of retailing, namely, the department 
store. A one-price policy, the use of advertising, the granting of mul- 
tiple services, liberal returns, convenient locations, and large assortments 
of merchandise accounted for the early success of the department store, 
in spite of the agitation of small retailers, the misgivings of some cus- 
tomers, and tlic antidepartmcnt-storc legislation which was passed in a 
few states. Department stores enjoyed a tremendous rate of growth 
during the first 10 years of the twentieth century. 

Development of mail-order retailing. Mail-order retailing dates from 
the establishment of Montgomeiy Ward and Company, in 1872. As 
many unprogressive small retailers continued the policy of giving the 
customers what was in stock, rather than trying to supply them with the 
things they asked for, customers began looking to other sources for their 
merchandise. The mail-order house was the source. Their variety of 
goods, low prices, liberal return policy, guarantees, and accurate descrip- 
tions in their catalogues appealed to many customers. Mail-order houses 
enjoyed their greatest prosperity between 1910 and 1920. Since 1920, 
the automobile, the increased importance of style, and the difficulty of 
adjusting prices to meet market conditions when catalogues are in the 
hands of the public have, in part, accounted for the decline of the mail- 
order business. The falling off in mail-order business has, however, been 
counteracted by the establishing of retail stores. At present, tlie sales 
of the leading houses are about equally divided between mail-order sales 
and retail-store sales. 

Development of chain stores. The first chain store was the Great 
Atlantic and Pacific Tea Company, established in 1859. Most chains 
started from a single store. Since units were usually added only through 
the reinvestment of the profit, their growth was necessarily slow. None 
of the early chains started with the definite idea of becoming national or 
even sectional. The war and postwar period of 1916 to 1930 was a period 
of rapid expansion of the chain-store idea. The fashion of mergers, con- 
solidations, and combinations of all kinds was especially adaptable to 
chain stores. Chain grocery outlets increased from 8,000 in 1914 to 
63,000 in 1930. Chains, by limiting their stocks to standard fast-selling 
items, by attractive arrangement, good locations, efficient buying methods, 
and standardized operation, have applied the principles of scientific mer- 
chandising. 
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During the depression years of 1932 to 1936, chains were fa%wed by 
customers who were forced by economic circumstances to buy as cheaply 
as possible. Chains obtained about one fom’th of all the retail business. 
But by 1910, the chain-store growth was checked, at least temporarily. 
Man 3 ’' states began imposing chain-store taxes, chiefly of the graduated 
t^’pe whereby the tax per store increases with the size of the chain. 
Other advcise state legislation was passed, such as Fair Trade Acts, which 
permit manufacturers to practice price maintenance, and Unfair Prac- 
tice Acts, which curtail “loss-leader” merchandising. The Federal 
Robinson-Patman Act restricts the quantity discounts available to large 
buj^ers such as chains. To counteract adverse legislation, chains have 
been replacing numerous small stores with a smaller number of larger 
.stores. This reduces their tax, which is based on the number of stores 
operated. In the case of grocery chains, these new large stores have 
often been of the supermarket type. 

Other recent developments. The tremendous recent growth of super- 
markets mtiy be reaching its peak. Legislation which caused, in part, 
chains to establish supermarkets is not increasing at its former rate. In 
many communities, the number of supermarkets has increased to the 
.saturation point, and the keen competition between them is causing some 
of them to fail. 

There is some evidence that the so-called “superettes,” or miniature 
supermarkets, in neighborhood locations are potentially important as 
retail outlets. Consumer cooperatives are not important as far as their 
present sales volume is concerned; however, their rate of growth has been 
quite impressive in recent 3 ^enrs. Because of population movements to 
suburban locations, man}" central!}" located stores are establishing 
branches in suburbs. Voluntary chains composed of independent re- 
tailers who join hands for buying and other purposes have been increas- 
ing inmiunbcr and importance, especially in the grocery field 

Each type of retailing has had its golden age — the mail-order house, 
the general store, and the department store. Whether the chain store 
and the supermarket can hold their own is debatable. It is also prob- 
lematical whether the general store or the department store can stage a 
comeback. The future importance of consumer cooperatives and super- 
ettes is not clear. Some observers believe that specialty shops have an 
excellent chance for growth. It is the opinion of some marketing experts 
that an entirely new typo of retailing, as yet unforeseen, will supplant 
existing types of stores. 

The Economic Significance of Retailing as a 
Great American Industry 

The economic significance of retailing as a great American industry 
may be surveyed from three points of view: (1) the relative importance 
of retailing as one of the steps of the marketing process; (2) the costs 
involved in the retailing of goods; and (3) the importance of retailing as 
indicated by the Census data. 
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The function of retailing — its place in the marketing process. Re- 
tailing is the starting point of the marketing process, hlarketing starts 
with an analysis of consumer demand, and it is consumer demand that 
retailers are in such a good position to analyze. A retailer, in part, is the 
purchasing agent of his customers, entrusted with the dutj' of buying the 
right merchandise at the right price and at the right time. Some stores 
guard the interests of their customers so conscientiously that they main- 
tain testing laboratories in order to be sure that customers are getting 
dependable merchandise. The store is the representative of the buyer 
rather than of the seller; it should buy what the customers want instead 
of selling what the manufacturers want it to sell. Since retailers are the 
guardians of the customer’s interests and since retailing is the focal point 
of the marketing process, it is truly an indispensable American industrj'. 

Costs of retailing. Retailing is important from the point of view of 

TAni^Ti i 

DISTRIBUTION OF NATIONAL INCOME IN RETAIL STORES 


I'ror 

yalional Jncfimr 
{in inillioTis 
of dollars) 

Hetail Sales 
{in lyiillians 
of dollars) 

Percenfage of 
Income Spent in 
Retail Stores 

1035 

$55,000 

$32,000 

59.3% 

1936 

65,000 

37,940 

5S.4 

1937 

67,500 

39,930 

59.2 

1938 

64,000 

35,300 

: 55.1 

1939 

69,700 

37,950 

j 

1 54.5 


its costs. Retailers, on the average, appropriate about one third of the 
selling price of merchandise. Tliis one third, with the exception of a 
small percentage of profit, is expended by the retailer in the form of 
salaries, rent, advertising, and other operating expenses. A third of the 
selling price is a very sizable part, sometimes more than the original 
producer of the goods received. Retailing is frequently criticized on the 
ground that it is too expensive a means of distribution. Retailers can 
assist in the reduction of this expense, which is considered by some to be 
burdensome upon the public. Even a slight reduction of retailing ex- 
pense would mean a tremendous saving to consumers. 

Retail sales. Retailing is also important in view of the proportion of 
national income spent in stores. The table given above, based on Depart- 
ment of Commerce data, shows how large a part of the national income 
is spent by its receivers in stores. 

Retail sales by kind of business for 1939 were as follows, according to 
the census of distribution: 
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Kmd of Business Percentage of Total Sales 

Food stores 24.2% 

Eating and drinking places. ... 8.4 

General merchandise 13 5 

Wearing apparel 7.8 

Automotive 13.2 

Other retail stores 32.9 


100.07o 


Large-Scale Retailing^ 

Tlie following table shows the sales volume and percentage of profit 
obtained in 1939 by some of the leading firms of various types, 

TAnnn II 

SALES VOLUME AND NET PROFIT OF LEADING 
RETAIL STORES IN 1939 


Type of Store 

Sales l^ohnac, 1939 
(in thousands 
of dollars) 

Net Profl 
(percentage of 
net sales) 

Grocery Chains: 



Great Atlantic and Pacific Tea Co 

S900,35S 

1.2% 

Safeway Stores, Inc. . . 

385,428 

1.6 

ICrogcr Grocery & Baking Co. , 

243,357 

2.3 

/Vmcrican Stores Company ... 

114,824 

1.0 

Variety Chains: 



F. \Vool\\orth Co 

318,840 

9.2 

S. S. Kresge Co. 

152,738 

OS 

W. T. Grant Co 

103,302 

2.7 

Mail-Order Chains: ! 



Scars, Roebuck <fe Co 

617,414 

60 

Montgomery' Ward & Co., 

501,819 

1 

1 54 

Department and Specialty Stores: 


» 

R. H. Macy & Company 

84,974 

a 

Allied Department Stoics 

112,122 

43 

Associated Dry Goods Corp 

00,329 

3.3 

Gimbel Brothers, Inc 

92,231 

47,975 

1.5 

Goldblatt Brothers 

1.7 

BuIIock^s , . . . 

25,415 

5.2 

Bloommgdale Brothers 

25,405 

27 

Ivaufman Department Stores Corp. . . 

25,104 

5.0 


« The consolidated net profit — including R H Macy & Co.. L. Bamberger & Co„ Davidson^ 
Paxon Co., and LaSiUlc & Koch Co. — was $2,350,227. 


Store grouping. It is significant that nearly every large store i.t 
affiliated with at least one other store. For example, R H. Macy and 
Company is affiliated with L. Bamberger and Company of Newark. 

*The following discussion is given fiom the point of view of the large department 
store in Older to cover adequately all phases of retailing 
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LaSalle and Koch of Toledo, and Davidson Faxon Company of Atlanta; 
J. L. Hudson and Company of Detroit is aflSliated with the Associated 
Merchandising Corporation; Frederick Loeser and Company of Brooklyn 
is affiliated with the Cavendish Trading Corporation. 

There are four types of store grouping: (1) associated independent 
groups, such as the Associated Merchandising Corporation (R.R.A.), 
which are made up of a group of independent stores, including Abra- 
ham and Straus in Brooklyn, L. S. Ayres in Indianapolis, Dayton's in 
Minneapolis, Filene's in Boston, Horne's in Pittsburgh, Hudson's in 
Detroit, Stix Baer and Fuller in St. Louis, and Strawbridge Clothier 
in Philadelphia; (2) ovmership groups, such as the Allied Stores, which 
own or control about 20 stores, including Donaldson's of Minneapolis, 
The Golden Rule of St. Paul, and Jordan Marsh of Boston; (3) branch- 
store systems, such as Schuster's of jMilwaukee and Wieboldt's of Chi- 
cago; and (4) chain groups, such as J. C Pennc}’’ Company. 

Proper organization essential. Since there is necessarily much dele- 
gation of authority and responsibility in large-scale retailing, proper or- 
ganization is fundamental. Lack of organization leads to unwieldiness 
and inefficiency. A typical large department store has four main divi- 
sions: (1) merchandise; (2) operation; (3) publicity; and (4) account- 
ing and control. Each division is in charge of a major executive re- 
porting to the general manager, namely, the merchandise manager, whose 
function it is to supervise the selection, assortment, and control of mer- 
chandise; the store manager, who is responsible for service; the publicity 
director, whose job it is to bring people into the store; and the controller, 
whose responsibility lies in expense control. If the publicity division 
succeeds in bringing people to the store, if the operation division gives 
the customers satisfactory service, if the merchandise division has the 
right goods at the right time and at the right price, and if the control 
division succeeds in controlling expenses, the result is net profit, per- 
manence, and continued good will for the store. 

In order to reduce the number of top executives, some stores have cut 
the number of major divisions from the traditional four to a lesser 
number, usually three. There is considerable variance of opinion as to 
which of the divisions can be consolidated to the best advantage. 

The factor of markup. Large department stores (having over SIO,- 
000,000 in sales volume) have an average markup of about 38 per cent. 
This means that, if an article costs 62 cents, on the average, it will be 
marked to retail at §1.00. The markup must be high enough to provide 
for an}’' markdowns that may be necessary subsequent to the original 
pricing in order to move the goods and high enough to cover inventory 
losses through shortages, operating expense, and some profit. 

Operating statistics. Operating statistics for large department stores 
having sales of over §20,000,000 were as follows for 1938 (all figures arc 
based on net sales unless otherwise noted) : 
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Initial markup (percentage of retail) 

38.4% 

Markdowns 1 

5.1 

Gross margin 

36.9 

Total expense 

37.8 

Net operating loss 

.9 

Net other income 

3.7 

Net gam . 

2.8 

Rate of stock turnover 

4.6 

Customer returns (percentage of gross sales) . 

12.7 

Payroll expense constitutes about one half of the 

total expense of 

department store. This large amount can be better 

understood when 


is kept in inind that considerably over one half of the employees in a 
large store are nonselling employees not actually selling merchandise on 
the floor. 

Upward trend of operating expenses. The trend of expenses has 
been upward for several yearsj in spite of much effort expended by re- 
tailers to reduce them. Chief among the reasons for these increased 
expenses are: (1) additional taxes; (2) increased salaries due partly to 
union activities; and (3) additional customer seiwices. When sales vol- 
ume is reduced because of declining prices rather than physical volume, 
expenses ra'e not reduced in proportion to dollars of sales volume. This 
is due to the fact that many expenses vary more directly with the phys- 
ical volume of goods sold than with the dollars of sales volume. 

The problem of returns. Returns from customers are increasing at 
an alarming rate. Nearly 13 per cent of all goods sold bj’' large depart- 
ment stores is returned again to the store. Even if no markdown is 
necessarj^ to resell the goods, the expense of selling those goods a second 
time doubles the expense involved in the final selling. In spite of the 
educational work that has been done to instruct the public of the evils of 
returning goods, of the printed instructions on merchandise which tell 
the customer how to treat it so that it will give satisfactory service, of 
training the salespeople so that they will sell only merchandise that will 
stay sold, and of the careful checking of merchandise by the receiving 
department and testing laboratory to make sure that merchandise is fit 
for the purpose for which it is to be used, returned goods are increasing 
In a few instances, a workable solution has been found in the combined 
efforts of all merchants in a community to control returns. 

The problem of markdowns. In large department stores, markdowns, 
or price reductions, average about 5.5 per cent of net sales. Better buy- 
ing has tended to reduce markdowns by minimizing slow-selling mer- 
chandise, but with rapidly changing styles and rapid and wide price 
fluctuations, a buj’^er often finds himself stranded with unwanted mer- 
chandise on his shelves. 

The problem of buying. A good buyer can do much in buying wisely 
and in minimizing markdowns, returned goods, and expense. Mark- 
downs are really incurred when the goods are bought; a bad buy is fre- 
quently called a ‘'purchase of markdowns.” In order to purchase most 
advantageously, a buyer is interested in four phases of the buying proc- 
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ess: (1) where to buy; (2) what to buy; (3) how to buy; and (4) when 
to buy. 

Where to buy. The best aid in knowing where to buy is a resource 
file. This is a card catalogue in which every vendor with whom a buyer 
has dealt or may deal in the future has a card. The buyer records on 
the card his merchandising experience with the vendor. Such informa- 
tion as the name and address of the vendor, the terms that he allows, the 
kind of merchandise that he carries, the prices in which he specializes, 
the promptness of deliveries, the amount of markdowns that had to be 
taken in order to move his merchandise, the fairness of any adjustments 
that were necessary, and the financial condition of the vendor are all 
helpful in determining where to buy merchandise. Although a resource 
file is of great importance, it gets out o*f date rapidly; a good resource 
last season docs not mean a good resource this season. A buyer may 
get additional information as to where to buy from his market repre- 
sentative, trade jouraals, classified lists of resources, other buyers, and 
salesmen. The buyer must constantly visit all reputable houses, whether 
or not he buys from them, in order to be sure that he is co’^^ering the mar- 
ket adequately. 

What to bznj. Although what to buy requires a knowledge of the mer- 
chandise itself, there are several aids that will help a buyer in selecting 
merchandise An analysis of stock and sales will indicate to the buyer 
wliat merchandise lias been selling well, at what rate it has been selling, 
and what is left in stock. Although a stock and sales analysis will tell 
what did sell, it will not tell what might have sold if such merchandise 
had been in stock. Therefore, a want-slip system should be used simul- 
taneously. A good want-slip system is very worth while, but even a 
reasonably good one is difficult to maintain Salespeople are apt to be 
lax in making out want slips. In stores that require salespeople to hand 
in want slips daily, there is a temptation on the part of the salesperson 
to put dovm a fallacious want instead of handing in a blank slip, which, 
in her mind, indicates that she has not been as attentive as she should be 
in recording wants. Even if salespeople do record wants, their descrip- 
tions are often so vague as to be useless; they may not even be sure 
themselves exactly what the customer wanted. 

Additional information as to what to buy may be obtained directly 
from customers through conversation; through salespeople; by compari- 
son shopping in oilier stores to sec what tlicy are stocking and how it is 
selling; bj’’ consultations with the store stylists, whose advice may be 
useful in forecasting the trend of styles; by style counts, which indicate 
what people are wearing; and by contact with manufacturers, salesmen, 
and trade publications 

How to hzcy. The buyer may buy in one of four ways. He may 
make a trip to the market, buying in A’endors^ establishments; he may 
buy by mail through the use of a catalogue, although this method is use- 
ful in the purchase of staple goods or reorders only; he may buy from 
salesmen who call on him at his store; or he may buy through a market 
representative. Market representation in the form of a resident buying 
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office arises from the need of having someone in the market to keep in 
constant touch with market offerings. This need for representation is 
attributable to three fundamental causes: (1) the increasing importance 
of style, which necessitates representation in the markets for style goods; 
(2) the necessity of increasing stock turnover by the shortening of the 
marketing period, by more frequent purchasing, and by having better 
selections with small well-selected stocks, all made possible by the use 
of a market representative; and (3) the necessity of volume purchasing 
to get buying power without the carrying of large stocks on hand for 
considerable periods of time. The market representative, by pooling the 
orders of many retailers, is able to effect savings for client stores. Fur- 
thermore, resident buyers, because of their position in the market, are 
able to get prompt deliveries, good discounts, and advantageous adjust- 
ments if the goods are unsatisfactory. 

Types of resident buyers. There are five types of resident buyers: 
{i)the associated resident buying office, w^hich is owned and operated 
collectively by a group of stores of comparable size and class of clientele; 
(2) the private resident buying office, which is the New York office of 
one store, buying exclusively for it; (3) the salaried, or fee, resident 
buying office, which is an independent organization contracting with re- 
tailers to represent them in the market; (4) the commission buyer, who 
represents his client retailers but collects his fee from the manufacturer 
rather than from the retailer; and (5) the s;^mdicate resident buying 
office, which is the buying office of a chain organization. 

Resident buyers perform a multiplicity of services. They scout the 
market constantly in order to be informed. They wall buy merchandise 
for their clients upon request, assist bu^’^ers from the client stores in the 
selection and bujdng of merchandise, pool orders of their clients so as to 
effect volume purchasing, and engage in group research in order to make 
comparative operating and merchandising information available. In the 
selection of a resident buying office to represent a store, it is important 
to weigh the sersdees it performs against the cost and to select one wdiich 
caters to that particular type and size of store. 

There is less definite information on how^ to buy than on how to sell. 
A buyer is seldom conscious of his technique. Good buyers, however, 
have an excellent knowledge of prices. They follow* manufacturing 
costs and are informed on market conditions. They possess either a na- 
tive or an acquired ability to bargain. It is a popular public miscon- 
ception that vendors have a one-price policy. Higgling is still necessary 
in many lines, notably in the textile and clothing industries. A square- 
dealing buyer who keeps his contracts, does not force unreasonable returns 
of merchandise, is fair in the taking of cash discounts, and sees that bills 
are paid promptly is in a peculiarly good position when a vendor has a 
good bargain to be passed on to some buyer. 

Determining the selling price. After the bu 3 ’’er has purchased his 
goods, he must arrive at a price for w*hich the goods are to be sold. He 
wall send out the comparison shoppers to find out the price at w'hich 
competitors are selling the goods. If the merchandise has a customary 
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price, the buyer usually has little choice in the determination of the sell- 
ing price. He must also price his merchandise so that it fits in with the 
price lines that have been established in the department. Since some of 
the goods take a veiy low markup, other goods must be marked up high 
in order to arrive at a reasonable average markup. The amount of 
markup that a buyer must average depends mainl}’’ upon the expense 
incurred in selling the goods, the markdo^ms that may have to be taken 
in order to move the goods, the stock shrinkage that will inevitably occur, 
and the net profit that he intends to realize. 

Foreign buying. If the goods are purchased in a foreign country, 
the buying process is complicated by the additional technical processes 
necessary to import the goods. Some merchandise is bought more ad- 
vantageously abroad than in the domestic market. Distinction, prestige, 
handicraft, price, and individuality are some of the reasons why foreign 
goods are purchased by American stores. Some goods, such as ready- 
to-wear apparel, are imported for the purpose of copying the style. It is 
important to keep in mind, when goods are purchased in the foreign mar- 
ket, that the merchandise may not be adapted to American use and that 
the original price may not be more than a quarter of the cost of the mer- 
chandise when it is landed in the United States. Packing, transporta- 
tion, warehousing, insurance, brokerage, import duty, and many other 
expenses must be added to the original cost of the goods in order to 
compute the final cost of the goods delivered at the store. Failure to 
realize the lack of any relationship between the original cost of the goods 
and the landed cost has accounted for more than one buyer’s “resigna- 
tion.” 

Many customers refuse to buy merchandise originating in certain coun- 
tries Difficulty of adjustment and return of goods, time involved be- 
tween purchase and delivery, unproductiveness of the capital invested in 
merchandise in transit, and speculation in exchange rates are additional 
reasons why the uninitiated should hesitate before entering into direct 
foreign purchasing. Small stores that do not wish to set up their own 
foreign buying organizations may buy through foreign resident bu5^ers 
called “commissionaires.” 

Cooperative buying. Group and central buying are comparatively 
recent developments in buying. Although these terms arc used inter- 
changeably, there is a difference between them. Group buying is accom- 
plished by the buyers meeting to decide upon cooperative purchases. If 
the number of stores engaged in the buying group is large, it may be wise 
to select a committee made up of store buyers wlio are delegated with 
the authority to act in the name of the group. Such an arrangement is 
called “committee buying,” as contrasted with “group buying.” Central 
buying is done by one buyer who is empowered by the group to do its 
purchasing. 

A group engaged in group buying usually has someone constantly 
employed in going around the market looking for suitable merchandise. 

If dresses are to be bought in a group, this person will probably select 
100 dresses to be inspected by the buyers in their meeting. The goods 
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included in this preliminary selection frequently have no identifying 
labels, so that selection of the group will be made on a purely rational 
basis. The buyers usually convene monthly to select the goods they are 
going to buy cooperatively. Each is committed to purchase a certain 
number of each of the styles decided by the group, the amount of com- 
mitment depending upon the size of store. The group votes on four or 
six of the 100 dresses. The orders are placed, and the merchandise is 
sent and billed directly from the manufacturer to the store. The chief 
advantages of group buying are that buyers need spend much less time 
in the market, that price concessions due to quantity purchasing are con- 
siderable, and that selections represent the combined opinion of many 
bu^mrs. The objections to group buying are chiefly that it tends to 
destroy a storeys individuality; that the combined opinion of the buyers 
may be no better than, and sometimes not as good as, the opinion of one 
good buyer; that the emphasis is placed on price; and that the buyer is 
sometimes forced to accept merchandise which he voted against. 

Central buying tends to transform the store buyer into a department 
manager divested of bu3dng duties. The bu^dng actmties are largely in 
the hands of the central buyer located in the market. The friction and 
division of responsibility' between store buj^er and central buyer is a 
serious deterrent to central buying. Still, central bujdng is used exten- 
sively’, especially hy the chains, and with great success. In fact, central 
buydng is fast supplanting group buydng in many lines of merchandise. 

Buyers activity. After the buyer has purchased and marked the 
goods, he must assist in their promotion and sale. When the goods are 
sold, records of various kinds come to the attention of the buyer. Sales 
anatyses, as shown by the unit- and dollar-control systems, indicate what 
is selling. Slow-selling reports spotlight what is not selling. Inventory’^ 
anatyses show what is on hand. 

The merchandise budget. The buy^er’s stock turnover is the relation- 
ship between his sales and his average inventory at retail. In order to 
keep stocks balanced to sales, a 6-month merchandise plan is worked 
out by the buyer, merchandise manager, publicity director, store man- 
ager, and controller. The 6-month plan indicates the forecast of sales 
by months. Inventories are planned and expenses budgeted. Tlie plan 
tells the buy^er how much he should plan to purchase each month. The 
difference between his planned purchases for any’' month and the amount 
he has purchased to date during the month is his '^open-to-buy.” If he 
vdshes to purchase goods in excess of this amount, he must receive au- 
thorization from a higher executive. Although the 6-month plan is not 
an iron-clad plan that must be carried out literally, in spite of any nec- 
essary adjustments that appear, it is a good guide, aiding the buyer in 
the operation of his department. 

Charge Accounts 

The vast majority of stores extend credit to their customers. In 1937, 
about 23 per cent of all retail sales were on open-book credit, about 12 
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per cent ^vcrc on instulhncnt^, and the remaining 65 per cent were for 
t'ash. The iittitudc of sdores toward credit — that it is a necessary evil 
' — has changed. Credit is used ns a promotional device to get additional 
business. Installment sales have increased enormously from 1937 to 
1940, Whereas installment buying was formerly limited to the *^hard 
lines” having a relatively high repossession value, now practically all 
typos of mcrcluandise may be bought in this way by customers. 

The cost of granting open-book credit is probably about 3 per cent oi 
charge sales, although tlie loss on bad debts normally amounts to Jess 
than half of 1 per cent. Charge customers return a much greater pro- 
portion of their purchases than do cash customers. 

Delivery 

Deliver}' is the most exponsive customer service. Since the delivery^- 
expense averages 12 rents i)cr package, stores have placed special em- 
phasis on the necessity of reducing deliver}^ costs. Turning deliveries 
over to a consolidated delivery' company that delivers for numerous stores 
has been the solution arrived at by many stores. 

Major Present Problems 

Among the major present retailing problems arc: (1) tlie maintenance 
of profit; (2) advertising policies; (3) personnel; (4) stock control; (5) 
buying methods; and (6) the consumer movement. 

Maintaining profit. Profit has been unsatisfactory^ because of high 
expenses and markdowns. Customer sendees Irave been increasing wdth- 
out a corresponding increase in business resulting from them. There are 
two possible remedies: an increased markup, or a decreased expense. 

Obviously, reduced markdowns, or a liigher proportion of high-markup 
Bales, would have a beneficial cfTcct on net profit Some retailers think 
that the expense percentage cannot be reduced materially, basing their 
conclusion on the fact tliat they have not been able to do much in the 
way of rednetion in the last few years. They claim an increased markup 
is the only salvation. 

The opponents of this contention believe that department stores are 
already at a competitive disadvantage with other types of retail institu- 
tions and that to increase the markup would be fatal. Their suggested 
solution is expense reduction. 

Advertising. A second major current retailing problem is that of 
advertising. The terrific rush for business lias colored the advertising 
of some retailers. Extravagant claims as to merchandise and prices are « 
seen in newspapers. Many customers, upon looking over the advertise- 
ments of stores, come to the inevitable conclusion that someone is lying 
One of the tasks of retailers is to reestablish public confidence in adver 
Using. 

Personnel. A third problem is that of personnel Frequently, om^ 
division of the store can see only its own point of view, refusing to take 
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a store-wide attitude. Buyers tend to keep information from their 
assistants for fear that the assistant will know as much about the busi- 
ness as the buyer himself. From the standpoint of customers, the chief 
personnel problem is that of salespeople. It .is a widely spread, and 
perhaps truthful, conception among customers that department-store 
salesmanship is bad. Unionization is a new problem confronting stores. 

Stock c®ntrol. Although stock control received a momentaiy setback 
hy the necessity of making emergency expense reductions, it is still only 
a partl}^ solved problem. To devise a simple and inexpensive method 
whereb}’' buyers can get the needed information when they want it, and 
in such a form that they can and will use it, is a task for the best of 
retailing brains. 

Buying methods. As for buying methods, especially in group and 
central buying, there is little statistical information that serves to indi- 
cate the success experienced by stores using these methods Some stores 
feel that central buying is a failure. Others believe that group buying 
is merely a forerunner of central buying and that centralized purchasing, 
such as is done by the chains, is inevitable for profitable department- 
store operation in the future. 

The consumer movement. The consumer movement is an important 
one. Consumers are protesting that injurious or misrepresented mer- 
chandise is being sold them; they want the facts about the merchandise 
they bu3^ Retailers are in a quandaiy regarding as to what they should 
do. Some are making a serious attempt to give customers what they 
want. Affixing informative labels on merchandise telling customers what 
the goods is made of, what it will do, and how to take care of it is one 
way in which retailers are cooperating with the aims of the consumer 
movement. Another way is to encourage consumer education in schools 
On the other hand, other merchants feel that the consumer movement is 
the work of busybodies who attack stores and others in order to use up 
their surplus energ>^ 

Regardless of the present attitude of retailers, the consumer movement 
is too strong to be overlooked. Those retailers who fail to recognize the 
suggestions and wishes of customers are shortsighted. Perhaps the time 
has come when the slogan “retailers are the purchasing agents of tlie cus- 
tomers” will be taken seriously by retailers. 

There are many other present problems confronting retailers. Among 
these are taxes, credit costs, customer purchasing power, legislation, and 
other forms of Governmental interference. 

The Future of Retailing 

When business is not sure of its present status, it is dangerous to fore- 
cast forthcoming developments. Although it is quite certain that none 
of the existing methods of retail distribution will fade out entirely within 
the next few years, there is a possibility that some new kinds of retailing 
will come into existence. The exact nature of this new type of retail 
outlet is, of course, unknown. 
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One safe forecast is that tlic general public wll take more interest in 
retailing. As customers, they will have more influence in determining 
what merchandise stores will sell. Consumer education will be more 
general, particularly in sccondar}" schools. Better people will be at- 
tracted to tlic retailing business as a vocation. The ethical level of 
retailing will continue to ri.^e, and its transformation into a profession 
will be completed. 
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The Hotel Industry 


The Early Inn, or Tavern 

For those hardy wayfarers who first turned their backs to the Atlantic, 
travel in America was far from comfortable or safe. There were no 
roads, no comfortable inns or hotels. A rude stockade in the wilderness 
was to tliem a welcome haven. Later, witli the growth of towns, taverns 
were opened. These not only served for the convenience of travelers 
but were also the center for much of the life of the town. The public 
house was second in importance only to the meeting iiouse, which was 
close by. In winter, after a long meeting in the chill of the unheated 
meeting house, the tavern, with its great fire in the taproom and its bar 
and convenient chairs, was a haven of warmth and cheer. Here people 
could hear and discuss the news of the day and transact their various 
business affairs. The importance of the role played by the tavern, or 
public house, is evidenced by the fact that, in 1656, the General Court of 
Massachusetts made towns liable to a fine if they did not maintain a 
public house, or “ordmaiy,” as they were commonb^ called. 

The courts in mtiny places made strict rulings as to the conduct of an 
ordinary. In some instances, they ruled that there couid be no games 
played; nor could there be dancing or singing. TJie price of food and 
drink was fixed by tlie court, wliich, in the early colonial days, generally 
considered sixpence a fair price to charge for a meal. 

With the building of roads and ferries, the number of public houses 
increased. The name ^'ordinaiy^' was gradually dropped, and "'tavern'^ 
was adopted. Gradually, tavenis became more pretentious, and after 
the Revolution, the word "IioteJ^^ was found in general use. 

The Hotel of Today 

The modern American hotel bears only a very slight resemblance to 
the town tavern or ''post-road” inn from which it has developed. The 
hotel of today is a distinctly modern institution. It did not come 
into being until the railroads pushed toward the West. The commercial 
activity following the Civil War brought the first marked demand for 
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lodging and eating houses on a scale unapproached by the early inn, or 
tavern. 

In New York, it is true, the City Hotel was opened in 1794, ^^an im- 
mense establishment” of 73 rooms. Boston, Philadelphia, and Baltimore 
also soon boasted structures too pretentious to be classed with the old- 
time inn; but the “hotel movement” remained at a standstill outside 
of these Eastern cities until the steam railroad carried commercial trav- 
elers westward. 

Each year has seen the establishment of new standards of service, 
safety, and luxuiy. In each decade, it was felt that the height of ef- 
ficiency had been reached and that no great forward strides remained. 
And yet each decade has seen hotels add further comforts and con- 
veniences for their guests. 

Toda}", these huge masses of brick and steel tower 20, 30, 40 stories, 
or more, above crowded metropolitan streets. Upon the 1,000-room 
structure that almost staggered the imagination a generation ago now 
falls the shadow of a “skyscraper” housing 3,000 or 4,000 transient guests. 

Economic Significance of the Hotel Industry 

Hotels have become, in value and importance, the seventh American in- 
dustry. In this rating, equal weight is given to the extent of investment, 
to the number of employees, and to annual revenues. 

According to the Hotel Red Book and Directory^ published by the 
American Hotel Association, there are approximately 16,000 hotels of 
over 25 rooms in the United States, containing 1,200,000 guest rooms. 
The 1935 Census of Business, prepared by the United States Bureau of 
the Census, showed the existence of 28,822 American hotels. The Census 
included all establishments reporting more than 6 guest rooms. These 
establishments provided 1,430,000 guest rooms and represented an in- 
vestment of $5,000,000,000, with annual revenues of $1,428,646,000. 
Hotels provide employment for 325,000 employees, who, in 1939, received 
$300,000,000 in salaries and wages. 

It has often been stated — and seldom denied — ^that no other industry 
has contributed proportionately to the employment of so many millions 
in other fields. There is scarcelj^ a manufacturing, commercial, or pro- 
fessional activity unaffected by the construction and daily operation of 
hotels. No other enterprise so directly or immediately reflects its cur- 
rent position in the commercial life of the community. 

In 1940, hotels spent $300,000,000 to serv’^e approximately 1,000,000,000 
meals to guests and another 220,000,000 meals to employees. The great- 
est maintenance item on the hotel budget is furniture, for which the 
annual bill is $24,000,000. New decorations cost $19,000,000, and kitchen 
equipment another $9,000,000. The annual bill for plumbing is $8,900,- 
000, and for silverware $1,400,000. Rugs and carpets are renewed at an 
expense of $7,850,000. In the largest hotels, as many as 4,000 items are 
found on the storeroom list. 
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The Hotel Executive 

It is more true of hotels than of other commercial enterprises that 
each unit in the industry is the reflection of a personality. Because the 
hotel industry has an atmosphere and an individuality of its own, many 
of the problems involved in its management are unique. Operating 
plans, organization, and managerial methods that account for success in 
one hotel may be entirely absent in another which is equally profitable 

Physical characteristics of hotels have changed greatly, but no more 
so than have the intangible human elements that contribute so largely to 
suefeessful hotel operation. The hotel of early commercial years, like 
the tavern of Colonial days, was usually managed by its owner and 
builder. Hotel operation was considered less a business than a genial art. 
The successful owner-manager was companion, friend, and host to the 
traveler sheltered beneath his roof. A convivial entertainer, he was 
good mixer" in more than one sense of the word. Today, the alert, pro- 
gressive, systematic executive is stepping into his place. The hotel in- 
dustry is alert to the fact that ways must be found to create a margin 
between the high cost of personal sendee and rates which still adhere 
closely to schedules that ruled 10 years ago. The advent of the trained 
executive is one of the ways in which the industry is trying to solve the 
problem. 


Social Importance of Hotels 

In one respect, at least, the modern hotel still carries on the tradition 
of its predecessors: its manager is the unofiScial civic host. His is the 
one meeting place open to every element in the community and yet 
dominated by none. It is the one meeting place which lends added pres- 
tige to any gathering, be it social, political, or business. 

It is almost axiomatic that a community is judged by the character 
of its leading hotel Manufacturing, commercial, and professional ac- 
tivities find in the excellence of hotel service a very effective medium 
for community advertising. This to some extent explains the unfortu- 
nate overexpansion of hotel facilities in so many cities in the prosperous 
period immediately prior to the depression of the 1930^s. Unless com- 
munities assume the obligation of subsidizing the unsuccessful hotel, 
construction programs should be based only upon the conservative inter- 
pretation of a comprehensive, unbiased analysis of needs and probable 
demands. 


Chain Management 

In no other industry does the human equation assume greater impor- 
tance. The hotel reflects a guiding personality. On the purely fiscal 
side, its gross income bears a lesser percentage relationship to investment 
than in most industries. Since a hotel operates with such slight margins 
between gross revenue and expense, its management is given an impor- 
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tance unparalleled in any other industry. This is one reason for the 
growth of hotel “chains.’^ 

The justification for chain operation goes further, for it gives to the 
individual hotel the benefit of mass purchasing, of architectural and con- 
struction facilities, and of economies in financing. In addition, it pro- 
vides a compensatory balance to smooth out seasonal and sectional 
fluctuation in demand. 

Some of the larger corporations in the hotel field not only operate 
but own, build, and plan their houses. Others confine their operations 
entirely to the management of leased establishments. Still others operate 
for a percentage of gross or of net income. In some cases, management 
is considered a professional service rendered for a stated fee, and all 
income and any resulting profits accrue entirely to the owners. 

Regardless of the general system or character of operation, management 
is always of paramount importance in the hotel field. In no other in- 
dustry is each step from raw material to consumption so greatly affected 
by human elements. Every hotel and every hotel organization is the 
reflection of a personality. 

The modern hotel has evolved from no train of discoveries, was brought 
into being by no inventive genius. Its progressive development has 
been from many directions and along manj’^ lines. It may owe much to 
the industry or imagination of some one man and yet no less to the 
organizing ability of another. One may have brought the vision of 
popular response to personal servdce and yet have contributed less than 
another who saw the mass-patronage potentialities of uniform and mod- 
erate rates. 

Oddly enough, the human equation has gained rather than lost in im- 
portance through the growth of chain management. Although the great 
majority of the hotels in the country are still independently operated, 
a list of the 10 or 20 dominant personalities in the industry would be 
made up largely of the heads of operating chains or successful managers 
of units in the large chains. This would seem to dispose effectively of the 
argument that chain operation destroys individuality and tends to shape 
hotels to a common mold. In practice, the chain merely widens the 
scope for individual influence. 

The development of the chain and the erection of hotels having 1,000 
or more rooms bring problems unknovm to yesteryear ^s jovial host. 
The successful operator of a modern hotel must have his predecessors 
virtues and, in addition, be an able financier and a capable executive. ^ 

The creation of strong chains has enabled hotels to advertise their 
services^ nationally and on a scale which no single house could afford. 
This ability to influence public preference also serves indirectly to main^ 
tain and strengthen a general good will, which, in many cases, has pro- 
tected hotels against unwise or unjust political pressure. 
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The American Hotel Association 

An even greater factor in maintaining legislative contacts, in order to 
assist in the passage of sound legislation and discourage unstudied or 
prejudicial laws, has been the creation of local and regional hotel organi- 
zations, federated into a strong national association. 

The American Hotel Association of today represents practically all of 
the better hotels throughout the United States, Canada, and Mexico. 
Every hotel belonging to its local, state, or regional association is auto- 
matically affiliated with the association. 

Although tliere are slight variations in the membership standards of 
local associations, practically every hotel which conforms to legal require- 
ments as to sanitation, safety, and protection of its guests and their 
goods, and which is not guilty of unfair or unethical trade practices, is 
eligible to membership in its local body and consequently in the Ameri- 
can Hotel Association, 


Hotels, Defined and Classified 

It is easier to distinguish between the three major classifications of 
hotels than it is to give an explicit definition of the word “hotel.*’ It is 
one of those few words which all know but few can define. It is hard 
to say just where the dividing line is between hotel and lodging house, 
on the one hand, or between hotel and apartment house, on the other. 
Por the purposes of this chapter, it might be well to accept Webster’s 
dictum that a hotel is '‘an inn; especially of the better class.” 

In the hotel industry, three major classifications of hotels arc recog- 
nized, First, there is the commercial, or transient, hotel, which caters 
principally to travelers and tourists. The second classification covers 
hotels more residential in character and designed to provide permanent 
homos for their guests. The third classification includes the resort hotel, 
where vacationists and tourists seek rest and recreation over a relatively 
long period — a week, month, or season. 

The commercial, or transient, hotel. The transient hotel once de- 
pended almost entirely upon commercial travelers. Today, it is about 
equally dependent \ipon motorists. 

Transient hotel is, in a sense, a misnomer. There are today very 
few hotels that do not make a strong bid for permanent guests. Even 
those that still depend largely upon the casual traveler arc appreciating 
the need — almost the necessity — of increasing the dependable and pre- 
dictable returns from rentals not influenced by season, weather, or tem- 
porary^ business conditions. ^lany hotels that arc still regarded as 
essentially transient or commercial actually derive a great part of their 
revenue from permanent occupants. 

Considering the nature of its appeal, the success of a commercial hotel . 
will be determined largely by its location. Although, in the smaller' 
ciUcs» it is usually convenient to all lines of transportation, in metropoli- 
tan centers, a site on the outskirts of the city may be more desirable if 
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quick and convenient access to active business centers is provided. In 
this case, the type and character of surrounding buildings deser^^e careful 
consideration. 

In seeking a desirable location, it is usually found that the one best 
fitted for a transient hotel commands a relatively high price. Due con- 
sideration must be given the value of store or, shop space vdiich should 
be rentable at rates which would compensate for the relatively high in- 
vestment in land. Unless land represents no more than 20 to 22 per cent 
of the total investment warranted by conserv^atively estimated returns, a 
proportionate share of fixed charges should be met by commercial rentals 
from attractive and well-located stores and shops. 

The centrall}’’ located transient hotel is meeting new and keen com- 
petition from sources undreamed of until very recent years. Now that 
large business concerns are decentralizing their merchandising activities, 
commercial travelers are becoming fewer, and the hotel is more and more 
dependent upon the patronage of motorists. This growing body of trav- 
elers has brought about the development of new types of accommoda- 
tion — ^the tourist camp, or court; roadside bungalows; private homes 
along the highways or on the outskirts of cities that offer one or two 
“spare rooms^' to “pa^dng guests.” In some sections of the countr}^, this 
competition is already making unforeseen inroads upon conserv'atively 
estimated hotel revenues. 

It would be foolhardy to predict the outcome of this unexpected dhu- 
sion of patronage. Realizing that these roadside accommodations must 
eventually conform to the costly hotel standards of cleanliness, sanita- 
tion, and social legislation, many hotel operators predict a marked 
diminution in their number. Others, however, see in them a possible 
trend of hotel development. 

Competition within the established hotel ranks had become extremely 
keen even before the highway accommodations began to bid for favor. 
T^^ien a modem hotel appeared in an 3 ’’ communit 3 ^, the older establish- 
ments found thej’' could retain patronage only b}"' remodeling or rebuild- 
ing. In the process, the number of available rooms was frequently 
multiplied in order to distribute the additional investment, and many 
communities were dismayed to find available business insufficient to fill 
a profitable proportion of the increased total of rooms. There has, 
consequentlj^, been fierce competition to develop and offer services, con- 
veniences, comforts, and facilities which would influence the traveler in 
his selection of a hotel. 

Inasmuch as the hotel is the visible and apparent reflection of com- 
munity actmty, there is always a temptation to erect a larger and more 
elaborate structure than sound commercial judgment would dictate. A 
hotel is^ the community's show window. In its promotion, there is ^ 
temptation to exaggerate the potential community advertising values of 
a^ new hotel. Consequent!}*, the wiser heads in the industry tod a}’' are 
discouraging promotional ventures which are not based upon compre- 
hensive and disinterested analytical sur\*e 3 ^s of local needs. 

The need for intelhggp^estimates of future demand applies to all 
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types of hotels — to the residential and resort, as well as to the transient. 
It is in the latter classification, however, that overexpansion has been 
most pronounced and in which its effect is more immediately felt by an 
entire community. 

The residential hotel. The recent development of residential hotels 
marks a new and distinct trend in American living habits. It owes as 
much of its inception to the apartment house as it does to the commer- 
cial hotel. It relieves the family from almost the final vestige of house- 
hold responsibility and care. It is hard to think of a service or con- 
venience not readily obtainable in the residential hotel. Apartments 
may be rented or leased for periods ranging from a week to one or several 
years. They may be procured either furnished or unfurnished. If fully 
equipped by the hotel, the furniture and decorations may often be se- 
lected by the tenant. Though dining-room or restaurant service is main- 
tained, each apartment is usually equipped, if not with a kitchenette, 
at least for private apartment service from a central kitchen. In most 
of the larger residential hotels, full hotel service is available at any 
hour. All are equipped with switchboard telephone service. Maid 
service is provided for all apartments; valet service is either maintained 
or quickly available through the management. 

As with the commercial hotel, the location of a residential hotel is of 
first importance. The location also frequently determines the specialized 
field in which the hotel operates. There are several highly specialized 
types of residential hotel. For instance, there is a growing demand for 
bachelor accommodations — some exclusively for men, others exclusively 
for women. These can be likened to club hotels. They cater to busy 
men and women who spend little time in their rooms. Bedrooms^ conse- 
quently, arc small. Such hotels must furnish extensive recreational and 
entertainment facilities. A relatively large proportion of space must be 
devoted to public rooms, including, in many cases, swimming pools, 
bowling alleys, game rooms, libraries, and the like. 

It is essential that the bachelor hotel, making its appeal to business- 
men or women, be located in or near centers of commercial activity. It 
is likewise important that it be convenient to transportation facilities, 
including such traffic arteries as lead to near-by suburbs and open fields. 

The family hotel, on the other hand, must be located with a view to 
the social status of its prospective tenants. Although communal living 
offers many economic advantages, the family hotel makes its strongest 
appeal to those who seek freedom from the bother and annoyance of 
housekeeping, rather than to those whose first thought must be economy. 

Assuming, then, a fairly heavy investment and consequently high 
return per room, the hotel must be located in the better residential section 
of the community, with careful thought given to possible future social 
trends. Transportation facilities must be convenient, adequate, and com- 
fortable, and must permit easy access to high-class business districts. 
The locality must be quiet and provide adequate shopping and marketing 
facilities. It must, of course, be free from tlie smoke and fumes of 
near-by factories. Of prime importance, also, is protection against the 
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oncronclunont of neiRlihoriiij^ buiklinf^s, which w()ul<1 rc^ncl li^ht- An 
apurtinont, to appeal to thn^e uho cnti ufTor<l ihr jno<“t (MinifurUnble living 
fpKirlci>^ must bo quiet, light, and airy. For thi^ reason, site-^ facing 
parksii ami wide boulevards and tho'^e adjoining ehurelie^ and ]e*rinnnent 
low Iniildings are j>referrcd. Otherwise, adjacent pround hiiouid be pur- 
chased to protect the investtnent. 

Inasmuch (\< the estabhshinent not only Ijoiises but abo feeds, emer- 
tains, and othcnvivc serves iti* patrons, the suerc'^^^fu! managers have, in 
most eu'-TS, hiouglU to this sperifdi?x*d field experience gained in the 
transient hotel. Operating policies, ulthouph broadened to meet aprut- 
tuont-hou ‘’0 eouditiuns, are essentially tho-e which have proved Miccex-fu’ 
in eoniniercial hotels. 

Competition is, of course, veiw*^ keen, even in commimitics where only 
one or t^^o re-^idential hotels Imve been const ntcled* T5oth the conven- 
tional apartment hou'-e and the commercial hotel arc competing v/ilh U 
for the favor of pro^jiectivc tenants. The a])artmcnl house oft{*n iia^^ the 
advantage of lower rates, made possible by elimination of service.- offered 
by the residential hotel. The commercial liotel. on the other hand, 
appeals to many who^e plans arc indefinite; who, for one rca.^on or 
another, hesitate to .^ign a lea«c; or who, even tlmugli they may rctnmn 
for year.-, do not wish to consider their residence in a hotel as anything 
more than temporary. 

Although the financial jiroblems of current ojioration differ greatly 
from those in the commercial hotel, the sound principle'? of initial financ- 
big apply to both. The residential, or apartment, hotel will opciatc 
under a severe handicaj) if more tlian a nominal part of its revenue must 
apply to the cost of jiromoting or financing, " Tso short-term bonds, liens, 
or loans secured by the property should call for interest payment? in the 
fn*?t 2 or 3 years of operation. 

It should be expected that the residential hotel, like a commercial 
hotel, will not be instantly popularized but will probably operate at a 
lo^s for the first 2, or perhaps 3, years. Original investors in many 
residential, as in many commercial, hotels have suffered heavily because 
of the temptation to finance as largely as possible through mortgage 
bonds. Since tlicsc offer a higher degree of security than capital stock, 
they are more easily marketed. It should be rcmcinbcrcd* however, that 
failure to earn and pay interest will result in foreclosure and perhaps in 
«a reorganization that will prove costly to unsecured stockholders. 

The resort hotel. The need for caution in initial financing applies 
just as much to tlic resort hotel as it does to either the transient or resi- 
dential structure. This is likennse true of location, although here the 
determining factors bear little resemblance to those which must be con- 
sidered in hotels of other types. The resort hotel need not be located 
in a town or city. Its location is determined, rather, by scenic, histori- 
cal, therapeutic, or recreational values. 

Few, indeed, are the resort hotels that can operate profitably tlirough 
12 months of the year. In most of them, the season runs for not more 
than 3 months, wdth the peak of demand extending over not more than 
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a few weeks Since complete sliutdox^m and suspension of revenue 
follow the short seasonal activity, it is apparent that financial hazards 
are greater and that operation is subject to more elements of chance. 
An untimely rise or fall of temperature may wipe out a season’s profit; 
inclement weather over^a period of but 1 or 2 weeks may result in heavy 
losses for the entire year. It is imperative that every aspect of need 
and demand be subjected to careful and unprejudiced analysis before 
a resort project is seriously considered. 

Although chain operation does not exist in the resort field to the 
extent that it does in commercial or residential hotels, many successful 
managers of seasonal resorts operate two establishments, one in a south- 
ern playground and another in the mountains or along the northern 
seaboards. As the season closes at one resort, they move their organi- 
zation and staff of employees to the other. 

The resort hotel must provide a variety of features unrelated to food 
and ‘shelter, the two fundamentals of hotel service. Its appeal is to 
scmi])ermancnt guests, whose stay will range from a week to a month or 
an entire season. In addition, it must be equipped to accommodate a 
relatively large number of week-end transients. Not only must the 
resort hotel feed and shelter the casual tourist, but it must so capitalize 
all existing possibilities for rest, recreation, and pleasure that it will 
provide a strong incentive for prolonged stay Although usually located 
outside the areas of high land values, the fixed investment is necessarily 
great. Except when located in one of the popular and populous recrea- 
tional centers, the resort hotel is usually surrounded by large lawns, 
gardens, and wooded walks It must not only house recreational and 
club facilities but must offer provisions for outdoor sport and exercise. 

A resort hotel capably managed and well merchandised may overcome 
many seasonal handicaps. The short season prevailing in many of the 
older resort hotels has been materially lengthened upon their replace- 
ment by more modern structures, under more progressive management. 

There is scarcely a local feature or value around which a resort may 
not be created and successfully developed. One hotel capitalizes on surf 
bathing; another owes its success to springs warmed by subterranean 
fires; others prosper by locating near the warm waters of southern seas 
or the ice of northern lakes The foliage of the tropics, the rarefied 
air of mountain heights, golf courses, or streams stocked with game fish — 
tliese and almost any other appeal can be capitalized by a progressive 
hotel management 

In many ways, resort-hotel management accentuates the importance of 
the human equation. The resort manager meets in an intensified form 
most of the problems of personal service and of business administration 
common to other types of hotels. He cannot tolerate costs that are not 
reflected in remunerative service; for, in a short season, he must meet 
heavy fixed charges and a necessarily high operating overhead. Even 
though his rates may be high compared to those in a transient hotel, he is 
forced to hold them within a competitive range. Most of his guests are 
vacationing; they seek a change from the strife and turmoil of the busi- 
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noss world or from tlic cares and worries of housekeeping* Desiring rest 
and relaxation, they spend much time in their rooms itnd a great deal 
of time in the public rooms of the liotcl* Thrown in close contact with 
the house pcrvSonncl, they are quick to ohjicrve deficiencies and are un- 
usually sensitive to discourtesy or inattention* 

Strange as it may seem, managers of commercial hotels in Kew York 
and Chicago as'^ert that theirs arc the most popular resort hoich in the 
world. Their a •mention is ba^^ed upon the number of vacationists who 
yearly spend from a week to several months in one of the metropolitan 
centers and ignore tlie attractions of tlic conventional ]‘ctor( 

If this is true, the resort contends with exceptional competition. Not 
only are thousands of other playgrounds or health centers appealing to 
vacationists* motorists, and tourists, hut the city hotel, with its transient 
rates and wider variety of hotel and independent restaurants to meet 
various pocketbooks, can appeal on a price ba«^is unapproachable in a 
seasonal resort. 


Hotel Operation 

Regardless of the definition or type hy which a hotel can be classified, 
the most important factor in its success is its location. Its location must 
permit it not only to capitalize existing values but to anticipate future 
local trends. This is particularly important for a commercial, or tran- 
sient, hotel. Transient patronage tends, not only to seek accommoda- 
tions convenient to transportation facilities — whether rail^ water, or high- 
way — but also to follow the shifting tides of local business activit)". 
Unforeseen shifts in commercial activities frequently cause the obsoles- 
cence of commercial hotels after a useful life of only 10 or 15 3’ear5. 

Even though the need for additional hotel facilities ma^" exist in a 
given communih^ their provision will prove financiall}’’ disastrous unless 
its site makes the hotel convenient, and hence attractive, to those whose 
patronage must support it. 

Interesting features of service to guests and of economy' in operation 
are almost as numerous and varied as the physical characteristics of 
thousands of modern hotels. When it is thought that no additional 
service remains undiscovered, some new hotel will introduce innovations 
which must soon be taken up hy its competitors. R^iere once there was 
a bath to everj^ floor, there is now, in most houses, a bath to every room* 
Wliere once a cheerful bellboy commanded unlimited supplies of ice, 
there is now often chilled water on tap in everj^ bathroom. Where once 
electric lights were a novelty, today there must be a reading lamp for 
every bed. 

From Continental breakfasts,’^ introduced througli seiwidors — and 
consequently with no need for “tipping”— to secretarial ser\dce for busy 
executives, there is scarcely a ser^'ice or convenience which cannot be 
found in some of the better transient hotels. In part, many of them are 
found in all good hotels. 
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Trends and influences 

Each decided advance in the development of hotels has followed some 
revolutionai7 change in transportation methods. The fortified stockade 
did not disappear until passable roads connected trading centers and a 
need arose for the tavern, which afforded rest and refreshment to both 
passengers and horses. The forerunners of modern hotels received their 
impetus from the development of rail communications. The trend indi- 
cated in their inception was not clearly defined, however, until the rapidly 
improving sleeping car forced the hotel to strengthen its appeal to the 
traveler. 

The development of automobile travel has seriously affected and 
strongly influenced hotel operation in the past two decades. With 
railroads undeniably becoming a secondary mode of tourist tra'^^el, the 
automobile is destined to exert an increasing influence upon hotels. The 
resulting trend, however, is not even yet clearly defined. 

Hotels are already responding, although still in a less marked degree, 
to the more recent development of air transport, evidenced by liotel 
construction in conjunction with or adjacent to the more active airports. 

Just how these trends will veer and along what specific lines they will 
develop is still a matter for conjecture. That they portend another 
distinct step in hotel evolution cannot be denied. 

This much is clearly apparent: The new hotel which follows precedent 
will be hard to justify unless it is located in one of those few communities 
suffering for want of adequate hotel facilities. There is every indication 
that hotels are rapidly approaching, if they have not already reached, a 
climactic point at which the successful operator must establish new 
precedents rather than follow old ones. 

But where the new precedents will lead no man can predict. 
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The Travel Industry 


Development of Travel Facilities in the United States 

Throughout early colonial days, the popular mode of travel was by 
boat, for the multiplicity of navigable rivers on the Atlantic seaboard 
offered opportunities that encouraged this method of transportation. It 
must be remembered that the New World, although populated by the 
more adventurous of the Europeans, was nevertheless clinging to travel 
customs almost as tenaciously as the Old World, where water transport 
still ruled. The colonists, moreover, found it eminently safer to voyage 
between colonies by water. Forests were dense, enemies numerous, and 
settlements far apart. 

Water travel had its handicaps, however. Kot the least of these was 
piracy, which was common along the Atlantic Coast as late as 1700. 
This probably had much to do with the early direction of thought to 
safer means of land travel. Travel on horseback between villages be- 
came more common, especially in the Nortli, where towns were closer 
together than in the South. 

Sail packets. The mail carrier was the father of American land 
travel, just ns today, in his speedy aircraft, he has become the pioneer of 
travel by air. Traveling on horseback, the postman made regular trips 
between largo towns, carrying messages and bundles. Facilities used by 
the fur traders, especially the French, who paddled canoes along with the 
Indians whom they befriended, were jirimitivc. Sail packets offered 
the most convenient travel facilitie.s and, until the end of the eighteenth 
century', were the preferred mode of transportation. Many of those 
sloops were of 75 to 100 tons burden. They carried pi>.s=cnper« as well 
as freight. The popularity of Uic smaller vessels was partly due to (ho 
fact that dockage and pilot charges in New York vcrc le.-« for the smaller 
vessels. These sloop.s regularly ascended the Connecticut River to a 
point 64 miles from its moutii. This iiiustralcs the degree of penetration 
that this familiar and rcason.ably safe mode of travel made po«iblc at 
that time. 

The stagecoach, ^reanwhilc, important stride-- verc being m-ad-' in 
travel hv stagecoach, nliiiough the average colonist dcjiendfd on thi 
saddle horse. "The mo«t famous of tlic coach roukv ran between Bo-ton 
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and New York, and was later extended to Philadelphia. The stagecoach 
era can be said to have begun in America in the eighteenth centmy, but 
it was not until about 1840 that it reached its height of popularity. 
This doubtless was due to lack of suitable roads. A stagecoach carrying 
mail ran out of New Haven, Connecticut, as late as 1869. 

Barges on the Mississippi. At the time the stagecoach was bringing 
Eastern states closer together, the farmers of the Midwest were finding 
it both diSicult and expensive to trade in the Eastern markets. As a 
result, they fashioned huge bairges on which to float their products down 
the Ohio and Mississippi Rivers to New Orleans. Because of the hos- 
tility of the Spanish officers, the Midwest pioneers were frequently 
relieved of their boats and cargoes upon arriving, but by 1795, a treaty 
with Spam had granted these farmers free use of the Mississippi's mouth. 

Advent of the steamship. Five years earlier, John Fitch, one of the 
earlier experimenters with steam for water transportation, had succeeded 
in making regular trips with a steamboat on the Delaware between 
Trenton and Philadelphia. Robert Pulton was even more successful in 
1807, when the Clermont made its pioneer trip from New York to Albany 
before a sceptical audience. The side-wheeler covered the 150 mile trip 
in 32 hours. It is not generally appreciated that the development of 
the steamboat in America was retarded by the legal battle which fol- 
lowed the exercise of Fulton ^s patent rights, which prevented imlicensed 
steam vessels from entering New York waters. The exercise of these 
rights caused Connecticut to enact a law ruling that no vessel bearing a 
Fulton license could enter Connecticut waters. It was not until the 
United States Supreme Court, in March, 1824, reversed the ruling of the 
Couii, of Errors of New York, declaring the act of the New York legisla- 
ture unconstitutional, that experimentation and development of steam- 
boat lines were able to proceed. 

After the War of 1812, steamboats were common on the Ohio and 
Mississippi Rivers. In ferryboat form, they made regular trips across 
the Delaware between Philadelphia and Camden, and across the Hudson 
between New York and points on the opposite shore in New Jersey. 

Commodore Vanderbilt^s Traveler ^ one of the famous craft of Amer- 
ica s early travel history , carried mail and established some early speed 
records. She was temporarily withdrawn in 1849, when the railroads 
commenced to figure more prominently. 

The Cumberland Turnpike. In 1806, the wagon road came into great 
prominence in the traveler s consciousness, for it was then that work 
started on the famous highway between Cumberland on the Potomac 

ner and ^Tieeling on the Ohio. This turnpike averaged 80 feet in 
width and, by 1812, had cost the nation $200,000.^ It was over its stone 
an gravel surface, winding its tortuous way over the mountains, that 

* Tlie Cumberland Road was to have been built by the Federal Government out of 
funds demcd from the sales of public lands in the states to be traversed; but addi- 
tional appropriations soon became necessar>% and, largely owing to the influence ot 
Hcno' Clay, the National Government advanced the sum of 86,821,246 for this 
purpose. 
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long lines of emigrant ^'covered wagons^’ and pack horses made their 
way to Ohio With the Cumberland Road began the development of 
the West. 

The Erie Canal. Appreciating the vast importance of water travel 
and transportation, the State of New York decided to open a waterway 
througli the center of the state to connect the waters of Lake Erie with 
those of the Hudson River. William C. Bouck, who later became gover- 
nor of the state, was appointed the first canal commissioner, and under 
his supervision, the great work was undertaken and completed. 

At the time the first 260 miles of the Erie Canal were opened, in 
1822, packets, steamboats, and stagecoaches were the only general modes 
of transportation in this country. When, in 1825, the waters of Lake 
Erie poured into the completed 360 miles of canal, America sensed wholly 
new possibilities in travel. Along the canal, cities grew up and flourished. 
Frciglit costs were greatly reduced. Travel on the Erie Canal seemed to 
prove the fallacy of considering any travel project impossible and seiwed, 
therefore, to do away witli many of the prejudices against travel held by 
the people of that time. Indeed, it created so much enthusiasm that 
there was considerable overbuilding of canals. Both Baltimore and 
Philadelphia found themselves hindered by mountains in their efforts to 
connect with the West, A vast canal project in Connecticut was a finan- 
cial failure of serious proportions. Befoie several of the Western states 
could complete their canals, the newest means of transportation — the 
railroad — was becoming the center of attraction. 

The westward movement. As late as 1830, there were but 48 miles 
of railways in the United States. The discovery of gold and silver in the 
West created a mass movement of population westward. Those who 
were journeying into Utah, Nevada, and California could not wait for 
the completion of railroads. They traveled either by covered wagon and 
prairie schooner or, if not burdened with a family, by the overland stage. 
The “pony express” between St. Joseph, Missouri, and San Francisco 
was remarkable for its speeding couriers who carried mail to the West 

With the granting of more than $50,000,000 to the Union Pacific and 
the Central Pacific Railroads, Congress gave transcontinental travel the 
greatest impetus it had ever known. America stepped out of its swad- 
dling clothes of pioneer travel at the great ceremony of May 10, 1869, 
when the final rail of the Union Pacific was set b^’' a golden spike at 
Ogden, Utah. The first commercial link between the Atlantic and Pa- 
cific had been forged. 

Development of American railways. American railways enjo 3 '^ed an 
opportunity to reach a higher state of development than did the canals. 
This was due to the fact that, for more than 50 years following their 
formative period, the railways enjoyed supremacy as the superior mode 
of land travel. By 1842, for example, one could travel from Boston to 
Buffalo by train. Ten years later, Chicago was connected with the 
Eastern cities by rail. In 1857, Chicago was joined by rail with 
St. Louis. One of the most significant facts in the development of the 
railroads was tlie scarcity of routes running north and south. This 
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situation rendered friendly intercourse between the North and South 
difficult at a time when it was most to be desired. 

Motor Transport Brings Great Era of Travel Expansion 

The bicycle vogue. While the vogue of the bicycle, which reached 
its peak in public interest toward the close of the nineteenth century, 
ser^’^ed to widen the individiiars travel horizon, it did not hinder progress 
in railway development Since it did stimulate the paving of streets 
and smoothing out of highways, the nation, for the first time, commenced 
to sense the possibilities in simultaneous development of different kinds 
of travel facilities Previously, one method of travel had always sup- 
planted another, as was well illustrated by the abandonment of canals 
in favor of the quicker rail service. 

Developments in road construction. With greatly improved steam- 
boats plying the inland waters, steamships crossing the Atlantic on 
regular schedules, steam trains linking together all the important cities 
and towns, and the bicycle hinting at the possibilities of faster personal 
transportation, America found itself in a logical position to experiment 
with rejuvenating the four-wheel vehicle which heretofore had depended 
for power on Dobbin or his alternatives, the mule and the ox. This 
was further encouraged b}" important developments in roads, which had 
been in process since 1790. The Great National Pike or Cumberland 
Road, begun about 180G and finished in 1840, had brought the various 
peoples of the nation into closer sympathy. Early in the nineteenth 
centurj’', !McAdam discovered that the danger in the usual method of 
road building was that, in time, the smaller stones sank and so made 
an uneven surface. Road building took on new impetus with his intro- 
duction of the principle of lajdng stones of uniform size from top to 
bottom. 

Advent of the automobile. Americans were slow to recognize the 
significance of the vehicle that was to revolutionize not only all concepts 
of travel but also all forms of travel, namel}^, the automobile. Already 
122 years before the American fathers of the motorcar were being 
laughed at, a Frenchman, Captain Nicholas Joseph Cugnot, had built 
two steam carriages that ran over the road under their own power. 
America was not even greatly impressed by the fact that, in the eight- 
eenth century, Oliver Evans produced a self-propelled wagon, which he 
drove over the streets of Philadelphia. It is not surprising, therefore, 
that, when George Baldwin Selden of Rochester, New* York, was granted 
a patent on an internal-combustion engine using hydrocarbon fuel on 
May 8, 1879, the fact attracted scant attention. Selden was not granted 
is patent on an engine that would propel a vehicle, however, until 
ovember 5, 1895. In the meantime, Charles E. Duryea brought out a 
gas car that actually ran and thereby established himself as the Ameri- 
can pioneer of what has become a form of transportation represented 
by more than 30,000,000 vehicles in America alone. 

Henry Ford’s first car appeared iu 1893; that of Fllwood Haynes, in 
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the following year. Automobile development was amazingly slow. By 
1896, there were only four gas cars in America — the Duryea ^^Buggyaut," 
the Ford, the Hajmes, and the imported Benz. Alexander Winton made 
the first sale to a purchaser as late as 1898. 

Even with this hesitant start, 22,419 cars were produced in 1904. 
In addition, the industry turned out 411 trucks, which were to open 
another chapter in transportation. At the end of 1939 — 35 years later — > 
there were 26,250,000 passenger cars registered in the United States, in 
addition to 4,460,000 trucks. At that time, there were 51,650 motor 
buses in this country engaged in common-carrier operations, with an 
additional 86,700 — all but 1,000 of which were school buses — ^in non- 
common-carricr operations. Buses owned by steam railroads totaled 
1,700. 

Inevitably, the rapid acceptance by the American people of automotive 
transportation will someday be recognized as one of the most funda- 
mental changes a nation has ever undergone. On a population basis, 
Americans own 39 times as many automobiles as do all the people in 
the remainder of the world. One out of every five people in the United 
States owns an automobile. Theoretically, it is possible for our entire 
population to ride in our passenger cars at one and the same time. 

With increased ownership of motor vehicles, the American nation 
began a gigantic program of highway construction. Originallj’’, with one 
of the worst road systems in the world, America, in a few short years, 
built one of the best. Today, we have one third of the world^s highway 
mileage — over 3,000,000 miles — of which approximately 1,000,000 miles 
are hard-surfaced and usable the year round. 

More than 6,000,000 people, or one out of every seven persons gain- 
fully employed, are working directly or indirectly in motor transport. 
The average motor vehicle travels no less than 8,870 miles a j^ear, and 
total annual motor-vehicle mileage in the United States has reached the 
astronomical proportions of 250,000,000,000. 

The automobile appealed because it offered the privacy and unsur- 
passed convenience of personal transportation and also because of its 
speed, Indianapolis speedway contests showed an almost steady increase 
in speed for the 500-mile grind from an average of 74.59 miles per hour, 
established by Ray Harroun in 1911, to a record speed of 1X7.20 miles per 
hour, achieved by Floyd Roberts in 1938. On August 23, 1939, John 
Cobb, of Great Britain, established a world's land-speed record on the 
Utah Salt Flats with the amazing speed of 368.9 miles per hour. 

Aircraft invention and development. Travel by automobile has 
benefited extensively through the invention and development of the air- 
plane, which, except for the extent of its public use, has closely paralleled 
that of the motorcar. Near tlie close of the nineteenth century, Pro- 
fessor Samuel P. Langley, Otto Lilienthal, and Hiram S. Maxim were 
experimenting with the heavier-than-air type of airship. In 1903, Ondlle 
and Wilbur Wright succeeded in obtaining an actual flight in a machine 
that stayed aloft for 2 minutes Public aviation did not materialize 
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until 1908, 'vs’hen Wilbur Wright’s flight in Trance revealed a speed of 
27.2 miles per hour. 

At the end of 1939, there vrere 26,250,000 passenger cars in operation 
in America, as against 13,409 privately ovmed aircraft. On March 26, 
1940, the air-transport industry completed its first full year of flying 
’^'ithout a single death and mthout serious injury. During that 3^ear, 
2,028,817 passengers were carried a total of 87,325,143 miles. Express 
carried by regularly’' scheduled services amounted to 9,514,299 pounds, 
and air-mail volume had reached a total of 47,041,155 pound-miles 
per day. 

Motor and railroad transportation — Competition and coordination. 
With the success of the automobile, the horse-driven vehicle was super- 
seded, except for special purposes. The automobile, in its many pas- 
senger forms, is rapidly displacing the electric surface car, for it has 
greater mobility and permits travel, not only over the city streets, but 
also over any of the nation’s 3,065,000 miles of highways. There is too 
much invested in rail transpoii, however, to risk the abandonment of 
this mode of travel. Wliile the Interstate Commerce Commission is 
struggling voluntarily with the problem of coordinating the various types 
of transportation, there has developed an intense rivalry between rail 
and highway transport. Some of the railroad efforts to meet highway 
competition have been in the direction of enacting restrictive laws, which 
prohibit certain types and sizes of trucks and which make it difficult to 
cross a state line. These railroad efforts also have been directed toward 
imposing a heavier tax burden on highway transport through claims of 
subsidies of motor vehicles b}^ the Government. In a more constructive 
direction, the railroad’s efforts to meet competition have included the 
abandonment of unneeded trackage and introduction of streamline trains 
capable of high speeds; the transportation of passenger cars over long 
distances at very low rates; and, more recently, the introduction of a 
system whereby the traveler covers the main stretch of his journey by 
rail and rents a car through the railroad company when he has reached 
his intended vacation area. 

The fastest scheduled run today is made by Union Pacific’s City of 
Denver. Between Grand Island and Columbus, Nebraska, a distance 
of 62.4 miles, this train averages 81.3 miles per hour. During 1939, the 
railroads carried 451,039,262 passengers, of which 231,126,013 were 
commuters. 

The air lines are offering much faster transportation. It is possible 
to cross the continent in 17 hours east to west, from New York to Los 
Angeles, and in 14% hours west to east.^ This compares with a trans- 
continental crossing in 59 hours by rail, excluding, of course, the 10 hours 
layover at Chicago. 

The tourist is commencing to appreciate the advantage of selecting the 
mode of travel best suited to his immediate needs, switching from one 

*The official record from New York to Los Angeles is 10 hours, 3 minutes, set by 
A P. de Severskj- on August 29, 193S; that from Los Angeles to New York, 7 hours,' 
28 minutes, set by Howard R. Hughes on January 19, 1937. 
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to the other for convenience; speed; safety, or economy. The speed 
records made on the Atlantic by the newest, fastest, and safest liners, 
as well as the speeds obtained by motorboats, have revived interest in 
the further development of inland waterways. Organized efforts are 
being made to shake off the indifference to the development of river 
routes and canals. History is repeating itself on land and on water. 

American travel of tomorrow. In the prospect of American travel 
of tomorrow, nothing is more stimulating than the possibilities of various 
modes of transportation stepping out of their own spheres, merging for 
unusual effects. Wc see a hint of this in the transcontinental bus, the 
high-speed passenger car on the concrete express highway, the ship-to- 
shore plane service of the transatlantic steamships, and other develop- 
ments that permits the American traveler the maximum of speed and 
efficiency that he demands of his travel facilities. Pioneer Americans 
felt themselves fortunate in the mere ability to travel, regardless of the 
inode. Today traveler has every facility at his disposal; tomorrow, he 
will discover new and amazing combinations of these facilities. 

The Economics of Recreational Travel 

Travel as an industry. Recreational travel is now an industry of 
enormous proportions. It is reflected in all channels of trade and is 
a recognized factor in national prosperity. The annual recreational 
travel bill of the nation has swollen to the point where it exceeds the 
value of other important basic industries of the country. 

Its importance is further emphasized by the fact that, while travel 
is affected by changing economic conditions, the fluctuations are not 
nearly so great as they are in other lines of business and industrj^ It is 
amply established that recreation is one of the last things that the 
American people will forego. For example, even in the depths of the 
depression, in the early thirties, there was a drop of only about 15 per 
cent in the volume of recreational travel. 

On the basis of figures secured from a variety of sources, official and 
private, the annual travel bill for the United States can be estimated 
at 86,000,000,000. 

Value of travel compared with other products. Comparing this 
travel bill with the wholesale value of products of other major industries, 
as shown by Census Bureau figures for 1937, we find that it exceeds the 
value of all motor vehicles produced by $3,029,000,000; of slaughtering 
and meat packing, by $3,213,000,000; of steelworks and rolling mills, by 
§2,670,000,000; of petroleum refining, by $3,453,000,000; of electrical ma- 
chinery produced, by $4,378,000,000; and of printing- and publishing- 
industry products, by $3,794,000,000 

Travel classified. Classification of the travel bill types of trans- 
portation used by the vacationing millions shows that $5,000,000,000 is 
expended by motorists, $600,000,000 by those using the railroads, and 
§400,000,000 by those traveling by bus, air, and water. Expenditures by 
motorists are figured on the basis of 1939. In that year, it was estimated 
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that approximately 52,500,000 people were in the vacation army visiting 
every section of the country. This estimate is based on inquiries sent 
to American Automobile Association motor clubs located in the principal 
touring areas, together with information from a variety of other sources. 
The railroads, steamship lines, and air and bus lines have no means 
whereby they can make a detailed segregation of recreational travel as 
distinct from total passengers transported. However, on the basis of 
reports on the use of various types of transportation by the nation's 
travelers, it can be estimated that, of the $1,000,000,000 spent by trav- 
elers using means other than passenger cars, about 60 per cent, or 
$600,000,000, was spent by those using the rails; about 30 per cent, or 
$300,000,000, by those traveling by water; 7.5 per cent, or $75,000,000, 
by vacationists using the air lines; and 2.5 per cent, or $25,000,000, by 
those traveling by bus. 

The tourist dollar. An analysis of the distribution of the huge sum 
spent for recreational travel shows that the tourist dollar finds its way 
into all channels of trade. , 

In the case of motorists, 20 cents of the travel dollar goes for trans- 
portation costs, such as gasoline, garaging, and accessories purchased 
en route; 20 cents for hotels and other types of accommodations; 25 cents 
to retail stores — largely expended by women for such things as linens, 
lotions, postcards, beads, baskets, blankets, and a large variety of other 
things; 21 cents to the restaurants; 6 cents to confectioners and way- 
side stands; and 8 cents to theaters and other places of amusement. 
These figures, of course, are approximate, but they are close enough to 
show that the tourist dollar not only benefits one or two classes but 
finds its way into a great diversity of channels and has a vital bearing 
on our whole economic structure. 

According to this breakdovm, garages and servnce stations serving 
motorists get about $1,000,000,000 as the transportation share of the 
motorist's travel bill; the hotels and inns receive an equal amoxmt of 
$1,000,000,000; $1,250,000,000 accrues to retail stores and related interests 
offering their wares to motor tourists; $1,050,000,000 is spent in hotel 
dining rooms and restaurants; $300,000,000 helps fill the coffers of con- 
fectioners and proprietors of wayside stands; and $400,000,000 is spent 
in theaters and other places of amusement. 

That these expenditures are confined to no one section but are dis- 
tributed over the entire United States is evidenced by a surv^ey of motor- 
travej'weferences made by the National Touring Bureau of the Ameri- 
cai^^ th^iobile Association. In response to the question, ‘^llliat is 
you in 'a4V)n in the United States for motoring?" 34.4 per cent 

chose^ ^ crossing nm states, 19.1 per cent preferred the lYestern states, 
13.7 the^ .^vhicago. Ates, 12.9 the Middle Atlantic states, 9.6 per cent 
the Great xf. is cound Ohio River Valley states, 6.6 per cent the North 
Central stated, ^and 3.7 per cent the South Central states. 
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Selling Travel to the Public 

The sale of recreational assets and the promotion of travel has become 
a highly competitive and well-organized business. It employs all the 
resources and techniques of twentieth-century salesmanship. There is 
hardly an area in the vast domain of the United States that does not 
possess some recreational assets which progressive citizens are constantly 
trying to sell to those who travel. 

Tourist trade encouraged by the states. Manifold interests are 
engaged in the development of the travel industry. Nearly all the state 
governments are now making it a part of their official business to sell 
their scenery, their history, and their climate. They realize that, apart 
from the large sums of money brought into communities by the traveler 
and recreationist, the tourist who today visits primarily for pleasure may 
become a citizen tomorrow. The states have also come to realize that 
the natural resources of recreation can be fully exploited without in any 
way exhausting them, as in the case of most natural resources. They 
have also learned that recreational assets, like any other commodity, 
must be merchandised. As a result, a “recreation*^ item is now found 
in the budgets of virtually every state ; it covers the expense of develop- 
ing and maintaining parks and reservations, historic monuments, and 
other essentials necessary to uphold the prestige of a state as a travel 
objective. 

How important these state activities have become in promoting the 
industry of travel will be readily appreciated from the Bureau of Census 
figures dealing with operating costs of state governments. The budgets 
of all states for recreation increased from $878,646, in 1915, to $6,815,000, 
in 1937, the last year for which complete figures are available This 
tremendous gain of more than 650 per cent reflects official recognition of 
the commercial and economic value of the tourist and travel business. 

United States Government’s contribution. The United States Gov- 
ernment is vitally interested in the promotion of travel and recreation. 
It maintains magnificent national forests and parks, and battlefields and 
monuments rich in historic interest, at a cost of some $76,000,000 a year. 
In addition to its guardianship of the public domain as a playground for 
all people, the Government makes a notable contribution to sport and 
travel through the constructive work of the Bureau of Fisheries, which 
keeps our streams well stocked, and through the Bureau of Biological 
Suiwey, which performs a vital service in connection with the preseiva- 
tion of wild life. That the Government's investment is serving its 
purpose is demonstrated by the fact that approximately 48,250,000 people 
enter the national forests, national parks, and other Governmental 
recreational areas during the course of a year. ^ ^ 

For many years a silent partner in travel -promotion activities, the 
Federal Government has of late taken a more active part. In Febru- 
ary, 1937, there was established in the Department of the Interior a 
United States Travel Bureau, designed to promote travel within and to 
the United States. The bureau was to have a dual function: first, to 
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serv'e as a clearing house for distribution within the United States of 
literature describing domestic travel objectives; and, second, to adver- 
tise abroad the advantages of travel within the United States. In this, 
the Federal Government was following the lead of many foreign nations 
that, for a number of years, have been actively competing for the Ameri- 
can tourist dollar. The bureau was set up on an emergency basis and 
was manned largely by personnel drafted from other bureaus of the 
Department of the Interior and from various Government reemplojnnent 
setups, such as the Works Project Administration. An attempt to have 
a bill passed by Congress providing a special appropriation for this 
activity was successful in the summer of 1940. 

Competition in selling recreational facilities. Competition for the 
tourist dollar between states and communities is intensely keen, and is 
becoming more so due to increased recognition of the value of tourist 
patronage. The Maine Development Commission, the New Hampshire 
Planning and Development Commission, the Virginia State Conseri’^a- 
tion Commission, the Kentucky Progress Commission, the North Caro- 
lina Department of Conser\'ation and Development, the Idaho State 
Planning Board, the Greater North Dakota Association, the State of 
Wyoming Department of Commerce and Industry, Californians, Incor- 
porated, the All-Year Club of Southern California, the Ozark Play- 
grounds Association of Alissouri, the Mississippi Advertising Commission, 
the New York State Publicity Bureau, the Denver Convention and 
Tourist Bureau, Montanans, Incorporated, the New Mexico State Tourist 
Bureau, and the Michigan Tourist and Resort Commission, which 
cooperates with three other regional tourist bureaus within the State 
of Michigan — all form but a partial roster of the state and regional 
organizations that are engaged in an intensive effort to sell the 
recreational facilities of their respective territories 

Advertising, publicity, lectures, pictures, special bureaus, and travel 
representatives are mobilized in the selling campaign. No medium is 
overlooked. One has only to scan the national magazines, run through 
the resort section of an}’’ one of a hundred newspapers, scan the many 
publications of the American Automobile Association, or turn the dial 
of the family radio to realize the extent of competition for the tourist 
dollar. 

Cost of travel promotion. It is estimated that, in 1930, a total of 
§50,000,000 was spent to advertise travel objectives and playgrounds iu 
the United States. By 1939, this total had probably risen to between 
§75,000,000 and §100,000,000. Contributing to this expenditure were 
states, commimities, regional organizations, railroads, steamship com- 
panies, hotels and hotel associations, bus companies, oil companies, and 
many other business interests that have either a direct or an indirect 
interest in the dollar of the traveler. 

In the past 10 years, the travel-advertising field has been marked bj’’ 
an increase in advertising expenditures by states and a decrease by rail- 
roads, with some increase by othem interested in the travel dollar. Fig- 
ures of the Census Bureau show that, in 1929, state budgets contained 
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approximately $760,000 for promotional purposes. At the end of 1939, 
39 states had set up state-financed promotional agencies, and annual 
appropriations had reached the figure of approximately $4,500,000 a 
year. Community-travel promotion, meanwhile, has made rapid strides 
both as to quantity and quality, with total travel expenditures by local 
communities roughly computed — in the absence of definite figures — at 
about $15,000,000 in 1939, as compared with approximately $5,000,000 
in 1930. 

In contrast with the increase in official state and local tourist-promotion 
expenditures is the decrease in the travel advertising of the railroads 
In 1929, rail carriers spent a total of $18,714,471 in passenger advertising 
of all types; by 1938, this figure had dropped to $8,887,976. The 
decrease in amount of money spent b}" the railroads in advertising any 
particular section of the country has probably been even greater than 
that indicated by these figures Ten years ago the railroads spent a 
large part of their advertising dollar in describing the travel advantages 
of tlic respective territories they seived. Today, a substantial portion 
of the railroad adverfising dollar is still spent for this purpose, but an 
increasing proportion has been spent in selling the advantages of the 
railroad as compared with other types of transportation. 

Travel-selling mediums. Among the more important instrumentali- 
ties of selling travel are folders, maps, and tour publications, of which 
an enormous volume is produced every year. The American Automobile 
Association, for example, annually issues some 60 major publications, 
including state and regional maps, tour books, and directories, and 
approximately 1,000 separate strip maps, with a total circulation in 
excess of 10,000,000 copies. It can safely be estimated that fully one 
fifth of the total bill for travel advertising goes into the printing and 
distribution of these publications. 

Foreign bids for American tourists’ business. For many years, 
competition within the United States was spurred by the strong bid that 
foreign countries, foreign steamship companies, foreign railroads, and 
foreign private agencies made for the dollar of the American traveler. 

In tlic heyday of foreign travel, in 1937, at least 50 foreign agencies were 
on the job every day in the year, in New York City alone, selling foreign 
travel and foreign recreation in competition with the home market. 
However, constant diplomatic crises in Europe and, finally, outbreak of 
warfare in September, 1939, put a period to these activities. 

With overseas travel lanes closed, the travel agencies of the Western 
Hemisphere redoubled their activities, and, in furtherance of the pro- 
gram, President Roosevelt proclaimed 1940 as “Travel America Year.” 

A collateral effect of these developments was an intensified interest in 
the all-American highway, which is planned to extend from Alaska to 
Argentina and join by highway the republics of the Western Hemisphere. 
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Trends in Recreational Travel 

It was inevitable that the new mobility, awheel, aw'ing, afloat, should 
make a deep imprint on travel of everj^ description. The fast tempo 
and diversity of modem transportation has brought about revolutionary 
changes in the demands of the traveler and in the standards of catering 
to these demands. 

Nomadic spirit of travelers of today. With the automobile parked 
aroimd the corner, with railroad, steamboat, airplane, and bus companies 
offering preferred schedules along the great travel lanes, the traveler 
and recreationist of today has a feeling of independence quite unknown 
to the traveler of other years. He can move on at a moment’s notice; 
let boredom intrude or let dissatisfaction in any form crop up, and your 
modem traveler is on his way. 

The traveler of today is deeply tinged with the nomadic spirit. Any 
agency catering to travel or recreation that does not recognize this newly 
found independence is doomed. It has no place in the modern travel 
picture, and this is true irrespective of the class of population the agency 
is catering to and irrespective of the type of accommodation. 

Demands of the traveler today. The idea of travel for vacation 
purposes has moved far from that of mere rest and gazing at pretty 
scenes. Fathers and mothers were content with easy loafing and quiet 
surroundings, with sunsets, mountains, lakes, or sea, w’hether in calm or 
stormy mood. But son and daughter w’ant a great deal more. Their 
travel and their recreation must provide a strong dash of adventure. 
Varied entertainment is, therefore, as important a part of the recreational 
travel program as good food, an appealingjocation, or an invigorating 
climate, and the entertainment provided runs through the entire range 
of modem sports and adventuring. 

Take a glance at a few of the millions of folders selling travel and 
recreation and note what they offer — ^not alone scenery, historic interest, 
good food, and good air, but also dancing, golfing, tennis, swimming, 
3’'achting, motorboating, aquaplaning, hiking, horseback riding, mountain 
climbing, hunting, fishing, motoring, and perchance fij^’ing, not to men- 
tion a large category’' of winter sports that are fast developing into a 
great recreational attraction. 

It is estimated tliat the sports bill paid by the American people in a 
year amounts to at least $1,500,000,000. Of this sum, a not inconsider- 
able portion is expended by the agencies catering to recreational travel 
in order to meet the demand for outdoor play activity. 

In a general way, of course, the demand of the traveler varies with 
individual preferences, with the tastes, home standards, and pocketbooks 
of the vast number of indmduals who compose our gigantic travel army. 
Moreover, the traveler of today is prone to seek a vacation area in vtiicb 
he can pursue his favorite hobby, w'hether it be photography, archeology, 
geoIog>% collecting antiques, fishing, model-boat sailing, or any of the 
thousand and one other hobbies that Americans have adopted so enthu- 
siastically with increased leisure. 
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The appeal of travel must be wide enough to catch the imagination of 
the many different types of travelers, and it must attract the new as well 
as the old generation of travelers. The appeal must run the gamut from 
the strenuous life to complete relaxation. 

The traveler — a buyer of recreation. Sit in on a family conference 
on the selection of a vacation point. The discussion is very earnest. 
Many points of view are presented: Shall it be the North Shore of Massa- 
chusetts? Shall it be Rangeley Lakes? Shall it be Murray Bay in the 
Canadian wilds? Shall it be the national parks? Shall it be a dude 
ranch in New Mexico? Shall it be the Pacific Northwest? Shall it be 
Nova Scotia, Alaska, Hawaii, or any one of a thousand objectives, each 
witli its particular appeal and all brought within easy reach by the 
marvelous travel facilities of today? Folders setting forth the offerings 
and opportunities of these places are eagerly scanned. But the main 
interest in the conference, as far as the light it throws on the mental 
attitude of the modern traveler is concerned, are the points that are 
probably not discussed at all. 

As likely as not, the comparative proximity of the various places under 
consideration is not discussed. The time to be spent at any point is 
not decided upon; nor is the rate to be paid considered. Why discuss 
distance when good roads are taken for granted? Thus it is that dis- 
tance, as such, means much less than it did in times past. By the same 
token, proximity of vacation points to large centers of population, while 
still an advantage from the standpoint of the week-ender, is not the big 
advantage that it formerly was. Wiry discuss length of stay at any one 
place, when the stay is indeterminate and depends wholly on satisfac- 
tion? Why discuss costs, when vacationists know very definitely what 
they want and how much they will pay for these things. They have 
developed the attitude of buyers — buyers of recreation offered in a great 
variety of forms on all sides. They shop for it as they shop for any 
other commodity, knowing tliat, by doing so, they can make advanta- 
geous purchases. They know that no dollar is as eagerly sought after 
as the dollar of the holidaymaker, and they have learned to take 
advantage of the extremely keen competition that is motivating the 
traveler and recreational business today. They have come of age. 

Meeting customers' demands. The agencies catering to travel well 
recognize this maturity. Evidences of this recognition are encountered 
wherever one turns: an enormously widened range of opportunity for 
play, a higher standard of food, better sleeping accommodations, reduc- 
tion of rates in a keenly competitive business struggle, electrification of 
railroad lines and more comfortable seats on trains, the daily introduc- 
tion of new safety and convenience factors in airplane travel, an 
enlarged motoring service along the highways for the 52,500,000 people 
who annually travel for recreation over the gasoline trail, de luxe equip- 
ment for buses, and even a better looking home for his American Majesty, 
the hot dog. 

Agencies catering to the tourist have become aware that travel patron- 
age is largely a repeat business. A survey by the American Automobile 
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Association showed that roughly 65 per cent of their members had chosen 
a vacation objective because of a previous visit or because of recom- 
mendation of friends. Accordingly, communities interested in tourist 
business are expending ever-increasing efforts in making things easy and 
comfortable for the visitor. Such activities include the provision of 
adequate highways, adequate parking spaces, adequate route numbering, 
efforts to prevent gouging through exorbitant rates, more lenient enforce- 
ment of traffic laws in respect to the visitor, and many other efforts to 
extend a welcoming hand and to surround the visitor with an aura of 
courtesy. 


Social and Educational Effects of Travel 

A decade or more ago, psychologists and commentators were prone to 
express alarm over the fast tempo of the travel age. In the movements 
of millions of people hither and thither, these prophets of gloom saw little 
more than a fierce restlessness of spirit driving us nowhere at 100 miles 
an hour. Today, however, it is generally realized that the urge to travel 
is as natural and acceptable an American phenomenon as baseball, 
double-feature movies, and political conventions Rather than evi- 
dencing neurotic symptoms, the American love for travel today is 
diagnosed as a resurgence of the love for new horizons that drew our 
forefathers to this country. 

Travel and the social structure. The mobility that has been pro- 
vided the American people has had a definite effect on our social struc- 
ture. It is true that changes in social organization come slowly and lag 
at a considerable distance behind industrial developments that affect 
living conditions and living standards. But it is not too early to sec 
that the revolutionary changes in transportation and in communication 
which ushered in the travel age have had a marked effect on human 
behavior and on human outlook. Obviously, the more contacts a man 
has with his neighbors or strangers, the more horizons his mental and 
physical vision embraces, the more competent he becomes in the difficult 
art of living. 

Bigotr}^, parochialism, and intolerance are largely the stepchildren of 
isolation That modern transportation awheel, awing, afloat has ex- 
tended the frontiers of the average man and woman, has broken down 
the barriers of isolation, no one will deny. This change means many 
things; above all, it means mass participation in a larger life. 

Travel — a factor in national homogeneity. A storekeeper from 
Iowa meets a storekeeper from Georgia at a roadside camp in Maine. 
What is the range of their conversation? Of course, it will cover business 
and politics — the price of hogs and cotton and the activities of the Gov- 
ernmental farm agencies; of course, there will be pardonable referende to 
their pride in their respective homes. But as likely as not, they vnW 
talk for the most part of the places they have visited and the things 
they have seen, things of gorgeous scenic appeal or of rich historic 
interest. Perchance, the3’' talk of Yellowstone National Park, of 
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the Grand Canyon of the Colorado, of the California redwoods and mis- 
sions, of the sights and glories of the national capital— the National 
IMuseum, the Pan-American Union, the National Cathedral — of Mount 
Vernon, of IMonticello, of the battlefields of the Civil War, where men 
from Georgia met in mortal combat with men from Iowa, or of Gettys- 
burg, the site of Pickett’s charge. There may be a good deal of imma- 
turity and lack of discrimination in the discussion. But they have made 
a beginning; they have started to see America — and to see is at least a 
start in the understanding and appreciation of a common iniieritance and 
a common obligation. 

It is no little thing, the mobility that has been put within the grasp 
of the a^^erage American. In spite of everything, a nation as sprawling 
as ours, composed of 48 sovereign states, has in it the possibilities of 
sectional discord that has broken out in the past and might again break 
out except for the intercommunication that has resulted from our modern 
transportation facilities. In addition to doing away with sectional dis- 
cord, this new mobilit}^ has, to all intents and purposes, ended the tra- 
ditional discord between the city and the countr3^ The antagonism 
between countr}’^ bumpkin and city slicker that once was so well marked 
has all but disappeared. To no little extent, this interchange of people 
within our borders has also played a part in preventing our language 
from breaking up into mutuallj^ incomprehensible dialects, as has hap- 
pened in nations not so well equipped with facilities of travel. 

Of course, it takes more than a smell of gasoline, adjoining seats in 
a Pullman, or meetings on the veranda of a hotel to make the whole 
world aldn. But the important thing is that there is a constant broaden- 
ing of knowledge and interests, and that social intercourse is encouraged. 
And these common interests and this intercourse have led to better 
understanding and a greater degree of national homogeneity. 

Travel fosters historical interest. Nowhere has travel, and particu- 
larly motor travel, exercised such an important educational influence as 
in the domain of history. The rate at which historical and biographical 
books have been emerging from tlie presses in recent years is not an 
isolated phenomenon. It is not due entirely to an awakened interest 
in history on the part of the colleges. More likely than not, it reflects a 
greatly intensified interest on the pari of the American people in their 
history and in the great characters who helped to make it. 

Questionnaires distributed by communities and by organizations have 
disclosed that no other asset in a touring area, not even scenic grandeur, 
evokes a greater interest and appeal than historic memories, monuments, 
and relics. The truth of the matter is that the American people are 
fast relearning their own history. The legends and folklore of the tex^ 
books are being translated into living drama, as millions of people visit 
and revisit thousands of shrines in all parts of the country. It is inevi- 
table that personal contact with the actual locale of dramatic historic 
incidents, with the homes of national leaders of other ^’’ears, and with 
the scenes of their activities, whether battlefields or farms, should develop 
a keener appreciation of former times. Such contacts make for reverence. 
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One sign of this mass interest in historical things is to be found in 
the actual rebuilding of old towns such as Williamsburg, in Virginia, 
which, from the very early days of a straggling civilization along the 
Atlantic shore, held aloft the torch of learning and political independ- 
ence; and Schonbrunn, the famous Moravian mission of Revolutionary 
days, which w^as rebuilt and dedicated as a memorial park by the State 
of Ohio. 

Today, the City of Washington has become a mecca for tourists, a 
great number of whom are boys and girls just graduating from high 
school. This is serv^ing to enliance the interest of the younger genera- 
tion in the actual working of the Government and may perhaps lead to 
a more active participation in it. 

Mobility and the standard of living. While, of course, car owner- 
ship as such cannot symbolize progress, mobility, and particularly the 
mobility derived from the automobile, it is affecting the standard of 
living. Just as ease of travel and the multiplicity of travel agencies 
bring the city nearer to the country, so they bring the formerly isolated 
small town and even the rural home within easy distance of those things 
that the city offers. As far as the cities themselves are concerned, the 
automobile and other travel agencies have rendered the distance from 
the home to the ofiBce of less importance than it was in the past. Just 
as isolation drove rural youth to the cities for many decades, so mobility 
is bringing about the development of model communities vdthin easy 
reach of the skyscraper office. These communities, participating as they 
do in both rural and urban life, are beginning to close the gap that grew 
between city and coimtry during the era of America’s industrialization. 
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Early History of Banking 

Our knowledge of the earliest banking methods and practices is rather 
meager. We do know that, as early as the ninth century b a, use was 
made in Assyria of such commercial instruments as promissory notes, 
bills of exchange, and transfer checks, which served somewhat the same 
purpose as the modern bank check. But it ’was not until after the rise 
of Athens and Rome that such banking operations as were conducted 
came under official regulation. 

One of the handicaps in these and other international trading centers 
was the lack of uniformity of coins. It was thus natural that agencies, 
or ^^banks,” should be organized to convert the coins of one country into 
those of another, the proprietors being called ^^money changers.^' Money 
changing, then, was one of the fiYst forms of banking conducted on a 
wide scale and, as may be seen, it arose primarily from the needs of 
international trade. 

A second difficnlty in financing foreign-trade transactions was the 
inconvenience and danger attached to carrying money on one’s person 
or of dispatching actual coins by ship or otherwise over long distances. 
This led to the practice of depositing money with the money changers, 
at first for transfer to tlie center in which goods were being purch«ascd 
and, later, for the purpose of safekeeping. The money changers^ gave 
receipts to the traders for the “deposits” thus made and, if desired, issued 
transfer orders for such sums as were required for the purchase of goods 
at other trading centers. As these transfer orders were used as^ instru- 
ments for making foreign-trade payments, they were not unlike our 

modern bill of exchange. * r j* 

The use of promissory notes is evidence that the extension of credit, 
on some basis, was an early banking function; but to what extent the 
Athenian, Roman, and other money changers issued transfer orders or 
otlier instruments to merchants on any basis other than the deposit of 
metallic money is not clearly indicated. Some references can be found 
to loans of various kinds, but there is no description of borrowing opera- 
tions based on well-established and widespread practices. .*1, 

Little or no further development of banking is discovered until the 
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eleventh century, which marked the revival of trade and the renewed 
circulation of metallic monej^. During this period, there arose the prac- 
tice of transferring the title of funds left on deposit with money changers 
and goldsmiths. To effect the transfer, it was necessary for the depositor 
himself to make the proper entries on the books of the goldsmith or 
money changer. This marked a second step in the development of 
deposit banking. Successive steps may be briefly indicated as follows: 

In 1587, the Bank of Venice accepted foreign coins of all kinds at their 
value as bullion, giving the depositor a certificate promising to deliver 
an equal amount of bullion on demand. 

The Bank of Amsterdam, organized in 1609, accepted deposits of 
various kinds of coins and, after determining their value, credited the 
depositor in terras of standard coins of equal value. After following for 
a period the personal transfer method previously referred to, the bank 
permitted its depositors to transfer their credits to others by means of 
written orders. 

In England, following the confiscation by Charles I, in 1640, of the 
deposits in the king’s mint, people began to deposit their money with the 
goldsmiths, who issued demand promissory notes therefor. These notes, 
issued to the order of the depositor or to bearer, began to circulate as 
money. Since there was no great demand for their immediate redemp- 
tion, the goldsmiths began to make loans and issue additional notes on 
the basis of the funds which naturally accumulated. Because of these 
activities — accepting deposits, making loans, and issuing notes — in time, 
the goldsmiths came to be known as ''bankers” and their notes as "bank 
’ notes.” The danger and inconvenience attached to the personal keeping 
of bank notes, received in exchange for coin or bullion or representing 
money borrowed, led to the practice of leaving the notes on deposit and 
receiving credit therefor on the books of the bank. The extension of 
credit by the issuance of bank notes and the practice of leaving the pro- 
^ceeds of loans on deposit with the lending bank were distinct steps 
forward in the development of banking as we know it today. 

The goldsmith-banker was not limited in any wa^" as to the amount 
of notes he might issue, as, for example, by being required to maintam 
a given proportion between coin on deposit and notes issued. Vfliik 
this absence of restrictions on note issues made possible the expansion 
and contraction of currency in accordance with the fluctuations of trade, 
tlie lack of automatic redemption facilities caused the issuance of notes 
in excess of the amount needed. This led to a rise in prices which caused 
merchants to increase their loans and this, in turn, brought about addi- 
tional note issues and a further rise in prices. Confidence in the financial 
structure being finally shaken, the demand for the redemption of notes 
became so heavy that banks were forced to suspend specie payments. 
Einancial panic and the partial paralysis of commerce ensued. 

As a result of these disturbances, there arose a school of thought advo- 
cating what is known as the "currency principle.” This school holds 
that bank notes should be secured up to 100 per cent of their par value 
by gold or government bonds. Opponents of this principle advocate what 
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is termed the “banking principle/' which takes the position that bank 
notes need be secured only by the assets of the bank if adequate redemp- 
tion facilities are maintained and that coin should be kept only in a 
sufficient amount to maintain specie payments. The banking principle 
has predominated in the note-issue provisions of most countries other 
than the United States and England. 

History of Banking in the United States 

Colonial banks. Although the first real bank was not organized until 
the closing years of the Revolutionary War, the urgent need for money 
during the colonial period caused the various colonial governments to 
issue paper money and gave rise to a large number of private banks 
organized for the same purpose. In organizing the private banks the 
usual course of action was somewhat as follows: 

A group of colonists would agree to organize a bank. There would 
be no capital stock. The subscribers would merely promise to take a 
certain number of notes and guarantee to keep them in circulation. 
The}^ would consent also to receive tlie notes in payment for any goods 
that they might sell to the bank; thus the bank was not concerned with 
the receiving of deposits and the cashing of checks. It issued notes and 
engaged in various kinds of commercial activities. The notes were 
secured by land mortgages given by the subscribers to the association. 
In addition, in some cases, the issues were secured b)^ ceidain imperish- 
able commodities. The notes commonly bore interest. Generally, they 
were inadequately secured, unregulated as to amount, and soon dis- 
credited because proper provisions for redemption on demand were 
lacking. 

It is believed that the first of these “land banks," as they were called, 
was organized in Boston in 1714. The scheme became very popular. 
Many such institutions were established, but in time all failed, with 
great losses to the public and to the subscribers. Banks of deposit such 
as were in operation in England at the time were unknown. 

Bank of Pennsylvania. During the Revolutionary War, patriotic 
citizens in Philadelphia organized the Bank of Pennsjdvania to assist 
in financing the war. The first notes issued in 1780 were interest-bear- 
ing and payable at a future date. Subscriptions to the fund by the 
shareholders were secured by bills of exchange drawn in pounds ster- 
ling against revolutionary envoys in Europe. 

Bank of North America. In 1781, Robert Morris, superintendent of 
finance under the Revolutionary Government, obtained the approval 
of the Continental Congress for the establishment of the Bank of North 
America. The primary purpose of this bank was to assist in^ financing 
the needs of the army by loans to the Government in anticipation of 
receipts, and to create the necessary organization for transferring funds 
from one part of the country to another and for extending the use of 
credit, both abroad and at home, by discounting the bills of those who 
had claims against the Government The new bank took over the assets 



914 THE BANKING INDUSTRY 

of the Bank of Pennsylvania and assumed its liability on the foreign 
bills outstanding. Since the Continental Congress was a revolutionar}^ 
body, there was a general feeling that the chartering of a bank was 
bejmnd its jurisdiction. Accordingly, a charter was obtained from the 
State of Pennsylvania in 1782, under which the bank continued to do 
business until it was absorbed into the national banking system of 
1863. 

The capital of the Bank of North America was $400,000, of which the 
Pederation, that is, the government of the colonies under the Continental 
Congress, subscribed $250,000, paid for with silver borrowed from France. 
Under the direction of the bank, this silver was far more effective as the 
reser\^e for a substantial note issue than it could have been if used 
directly to purchase supplies. The bank, loaned $1,249,975 to the super- 
intendent of finance for use in carrying on the war. Most of this amount 
was repaid in cash by the Revolutionar}'' Government, and the balance 
by surrendering the stock in the bank which it ovmed. 

Massachusetts Bank. In 1784, the General Court of the State of 
Massachusetts granted a charter to the Massachusetts Bank. The 
charter provided for a capital of $300,000 and for the issuing of notes 
to be secured by the general assets of the bank. At first, no limit was 
placed on the amount of notes that might be issued, and in spite of the 
fact that the total exceeded the proportion to capital w’hich might now 
be considered safe, the notes usually circulated at par. Through the 
operation of Gresham’s law, specie was attracted to New England from 
other sections of the country, because, in New England, paper money 
was readily redeemable. 

In 1792, a law w^as passed limiting the notes and other liabilities of 
banks to “twice the amount of their capital stock in gold and silver 
actually deposited in 4he banks and held to answer demands against 
the same.’^ Deposit liabilities could be created onl}’’ by the deposit of 
actual money; and payments were made, not through the use of checks, 
but in money. The charter prohibited dealing in merchandise and bank 
stocks. The success of the IMassachusetts Bank attracted attention, 
and thus the bank became a model for other banks in New England and 
in other parts of the country. 

Bank of New York. In 1784, Alexander Hamilton assisted in estab- 
lishing a bank in New’ York City. It operated under the articles of asso- 
ciation drafted by him imtil 1791, when it received a charter from the 
state. Under this charter, the liabilities of the bank, except to depositors, 
were limited to three times the amount of its capital. The fimction w^as 
primarily that of a bank of issue. It was specifically prohibited from 
dealing in merchandise or bonds, either of the states or of the United 
States; neitlier could it make loans on real estate. Deposits could be 
created only by turning actual money into the bank — ^not through loans, 
as is common practice today. The limitation as to real-estate loans w’as 
incorporated into the National Bank Act of 1863. 

First Bank of the United States. At the close of the Revolutionary 
War, there W’^ere probably not more than three or four w^ell-established 
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uiul ^^ound batiks in the United States. Tints the organization of a 
national insfitntion nhich should have blanches scattered over t!ie 
minlry and which sliould he prncticalh' the rejirescntativc of the Fed- 
eral Govrannonl seemed peculiaily desirable. 

Such an institution WiH created in 1791, upon the recommendation 
of Alexander ilannlton, the first Socrotarj’' of the Treasury, and became 
Jamwn as the Bank of the United Slates/' The bank had a 

capital of $10,000,000, divided into 25,000 shares of $400 each. Of this 
?uin, $S,0(JO,000 wa^ open to subscrijition by tlic public, while the other 
$2,000,000 was subscribed by the United States. The subscrijitions to 
the stock were jiaid at least one fourth in specie and the balance in 
Government bond*?, 

Siin{>le a^-et-currcncy bank notes, secured by the general credit of 
the bank, and legal tender for payment of debts to the United States 
were authorized to be issued. The liabilities of the bank, except to 
dcpositois, were not to exceed the amount of its capital stock. This 
rcrtriction limitcfl its note issue to an amount not in excess of the capital 
of the bank. The noto.« were made receivable for public dues as long 
ns they should continue to be payable in gold and silver, Tliere %vero 
no legal reserve requirements against either notes or deposits. The 
bunk was allowed to establish brandies wdierevcr the directors saw fit, 
but only for di«count and deposit. It Avas not permitted to deal in mer- 
chandise of my kind, except in the ease of forfeited collateral, and w’as 
not allowed to hold re.al estate, though it might lend on mortgage secur- 
ity, The bank was to transact mucli of the fiscal business of the Gov- 
ornmeni and wa^ given an exclusive national charter for 20 years. 

The bank proved to be a great success, since it rendered the currency 
of the country more stable, supplied much needed banking accommoda- 
tion, provided a note currency wliich, on the wdiolc, was satisfactory", 
and rendered valuable services to the Government. The bank 

forced upon many stnte-chartcrcd banks the obligation of redeeming 
their circulating notes on demand. Throughout its history, it maintained 
itself in a strong position. Nevertheless, there w^as considerable opposi- 
tion to the bank from the first, on the ground that it w*as aristocratic and 
powerful, and this ojiposilion grew' as the time came for the expiration 
of its charter. The opposition w'as due in part to the fact that 18,000 
out of a total of 25,000 of the bank’s shares weie owmed abroad and, 
therefore, that profits w’cnt abroad. The state banks, W’hich had been 
increasing in number and in influence, became antagonistic because of 
the competition of the larger bank and the fact that it exercised a regu- 
latory control by refusing to accept the notes of state banks which did 
not redeem their notes promptly. 

The bank’s stockholders, of course, w'cre desirous of continuing the 
institution and, as early as 3808, petitioned for a renew'al of its charter. 
The Government had been W'cll served by the bankj it had made a 
handsome profit on its stock, besides receiving dividends averaging 8^s 
per coni pci annum. The bank occupied a strong situation, as it had on 
iiand about $5,000,000 in specie, w'liilc its loans and discounts amounted 
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to $15,000,000, consisting chiefly of short-term paper. Nevertheless, 
after a bitter struggle, Congress refused to renew its charter, and the 
bank went out of existence in 1811. 

Second Bank of the United States. This was a most unfortunate 
time to make a change in the Federal Government’s system of banking. 
As the War of 1812 was on the point of breaking out, the public and the 
Government more than ever needed the aid of a strong financial institu- 
tion. The state banks in this period of national crisis proved to be too 
weak to render substantial aid. In 1814, there was a general suspension 
of specie payment, and it became impossible for the Government to 
transfer funds from one part of the country to another for the reason 
that the notes of the banks of one section were not accepted in other 
sections. Conditions became so bad that fresh proposals were put for- 
ward for the organization of a new United States bank, and Congress 
finally passed a law in 1816 authorizing the Second United States Bank. 

Although it was much larger, the second bank was in most respects 
like the first. The capital was $35,000,000; one fifth was subscribed by 
the Government and four fifths by the public. In order to be assured 
of an exclusive charter for 20 years, the bank paid the Government 
a bonus of $1,500,000. 

The bank was not well managed during the first few years of its 
existence, but later new managers applied a rigid system of control over 
the state banks by insisting that they keep their notes redeemed in coin 
upon presentation. Branches were established here and there as needed, 
and the note currency issued by the bank became a practically universal 
circulating medium. Although it carried on various operations that were 
probably outside the scope of its charters and did not conform stidctly 
to the limitations with respect to methods of issuing circulating notes, 
the bank w’as undoubtedly the most powerful and best managed financial 
institution the country had seen, and its effect was to suppl}^ a far higher 
degree of convenience and efficiency in consummating commercial trans- 
actions of all kinds than had ever before been experienced in this countiy^ 

The Second United States Bank, however, like its predecessor, foil 
into difficulties because of political opposition. A re-charter was refused; 
but the bank obtained a charter for 30 years from the State of Penn- 
sylvania in 1836, thus becoming a state institution and retaining its 
original capital of $35,000,000. Up to this point, the bank had occupied 
a sound position for many years, but it now found itself with too large a 
capital for the more restricted field in which it was compelled to operate 
and, in 1841, was finally obliged to suspend operations and go into 
liquidation. 

Development of state banking. While the Second Bank of the United 
States had been running its course, the various states were experiment- 
ing with different kinds of banking systems, some successfully and some 
disastrously. Among the distinct types of banking s 3 ’'stems developed 
during the first half-centmy of our national life was the so-called 
“Suffolk sj^stem of redemption.” The banks had found it difficult to 
maintain constant and ready redemption of their notes and had observed 
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that the sounder institutions suffered from the practices of those who 
were willing to go as far as they could in evading prompt redemption 
and in resorting to more or less questionable methods. According to 
the principle of GroslianVs law, the notes of the w’oaker banks that did 
not redeem their notes promptly tended to remain in circulation, while 
tliose of tlie stronger banks that redeemed on demand were quickly with- 
drawn from circulation. The result was a desire to enforce prompt 
redemption of notes, and this was accomplished by the Suffolk system. 

Under this system, the New England banks joined in establishing in 
Boston a redemption office, which was conducted by the Suffolk Bank, 
incorporated in Boston in 1818. A substantial number of New England 
banks joined in a plan vlicieby each made a permanent deposit with 
the Suffolk Bank and, in addition, kept on deposit such sums as were 
needed for the current redemption of their notes. The country banks 
at first were unwilling to join the system, but were finally obliged to yield 
and make the required dcjiosit with the Suffolk Bank, which thereafter 
redeemed their notes at par when presented, charged them up to the 
issuing banks, and sent the redeemed notes home whenever desired. 
This was tantamount to the establishment of a clearing liouse for bank 
notes. TJie Suffolk system thus furnished a striking object lesson in 
the good effects of prompt redemption of bank notes and was very influ- 
ential in later banking legislation. 

In 1838, an act was passed in New York known as the ^'Free Banking 
Act.” This act autliorized any person or group to establish a bank and 
to issue notes by obtaining a charter from the state comptroller and by 
depositing witli him bonds of the United States, of the State of New 
York, or of any other state approved by him. Under certain conditions, 
mortgages could be deposited. Immediately, man3’' people rushed into 
banking. The demand for the securities eligible for deposit with the 
coinpti oiler caused prices to rise during the period when the banks were 
being organised, so that when the banks failed, as some 26 of them 
(out of a total of 76) did during the ^^ears from 1839 to 1843, the bonds 
held to secure their circulation were sold at a price lower than that at 
which they had been accepted by the comptroller. 

In 1840, the law was amended and strengthened by limiting the 
Securities against which bank notes might be issued to bonds of New 
York State and the United States. This had the effect of further depress- 
ing the price of other bonds held to secure outstanding notes. Notes 
of the banks wliich failed during this period were ledcemed at an aver- 
age discount of 20 per cent for those secured by bonds and 25 per cent 
for those secured by a combination of bonds and leal-estate mortgages. 

The law, ns amended, left little to be desired from the standpoint of 
Security. Losses were reduced to as low as one fortieth of 1 per cent 
of the average annual circulation. The principle of bond-secured bank 
notes was adopted by several Western states, including Illinois, Indiana, 
and Wisconsin. However, these states did not limit the securities pledged 
as carefully as had New York, and the result was frequently disastrous. 
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The principle of bond-secured bank notes was incorporated into the 
National Bank Act of 1863. 

The success of the First Bank and of the Second Bank of the United 
States led to the organization of imitations in the form of a number of 
state banks modeled on these Federal institutions. The State Bank of 
Indiana was chartered in 1834 with 10 branches and was granted a 
monopoly of the banking business in that state. The State Bank of 
Ohio, established in 1845, combined the safety principles of both bond- 
secured notes and the so-called “safety fund.” In 1842, Louisiana 
passed a banking act which marked an advance over the laws of the 
time, inasmuch as the law required a specified percentage of reserve to 
be held behind deposits. Out of these conflicting systems, there devel- 
oped a gradual tendency toward better banking conditions and wiser 
management. 

After the discontinuance of the Second Bank of the United States, 
there ensued a severe panic, starting in 1837, caused in part by unwise 
banking and the undue extension of credit on improper or inadequate 
security, especially speculative, unproductive real estate and internal 
improvements. The result was to warn the banks against repetition of 
the practices which previously had led to inflation and disaster. 

There was a gradual improvement in methods between 1840 and 1860; 
but the evils of a decentralized, widely diffused, and imcontrolled system 
of banking, or lack of system, continued to exist. At the opening of the 
Cml War, there were more than 1,600 kinds of bank notes in circulation. 
Counterfeits were numerous, and except for voluntary arrangements 
made by groups of banks among themselves, there was nothing to com- 
pel banks to receive the notes of other banks. Redemption facilities 
were crude and inefficient throughout most of the country. For these 
and other reasons, there arose a strong feeling in favor of some change 
in the direction of more powerful central control that would guarantee 
a safer and more uniform note issue and, at the same time, bring about 
needed reforms in credit extension. 

The national banking system. In 1861, Secretary of the Treasury 
Chase proposed a national banking system as a means of providing a 
safe and uniform bank-note currency secured by United States bonds, ^ as 
well as a market for the bonds of the Government. A bill embodying 
his ideas was defeated in Congress in 1862. However, on February 25, 
1863, the National Bank Act was passed. After a year's trial, it was 
repealed and superseded by the National Bank Act of June 3, 1864, 
which removed some of the more outstanding defects disclosed by the 
year's experiences. In addition to containing the best provisions of 
the various state banking laws, the act introduced some original features. 
The results obtained under the new law were at first discouraging. 
Up to November 15, 1864, only 584 national banks had been organized. 
State banks saw no reason for joining the national banking system, since 
its provisions were much stricter tlian those of the state laws under 
which they were operating. It had been thought that the new system 
would bring about a safe and uniform bank-note cmTency through the 
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introduction of national bank notes, but the state bank? would not give 
up their state charier? and hence continued to flood the nation with 
their unsatisfactory note issues. Therefore, in 1865, Congress passed a 
law taxing slate hank notes 10 per cent. Since no institution could 
nflord to pay such a heavy lax on its notes, state bank notes rapidly 
disapjieared from circulation. This tax also imd the effect of forcing 
many state hank*- into the national banking system. 

A market for United Ptate*^ hotuK wa<5 created by loquinng each 
national bank to pureba^^e and deposit witli the Treasurer of the United 
bond? to the amount of not than one third of its paid-in 
rapitnl block, and in no case loss than $50,000. This provision was 
later niodified in order to permit bank*' with a capital of $150,000 or 
to deposit l)ond? to the amount of only one fourth of (heir capital. 
In 19ia, tiie Federal Reserve Act abolished tlie requirement that national 
bank*? mu^t puroba'-'o United Slates bond'^, unless, of course, they desired 
to issue national bank notes. 

Under the terms of (he act of 1853, national bank? were permitted 
to i«suo bank notes secured by a deposit of United States bonds bearing 
the circulation privilege, hut not in excess of the bank’? paid-in capita] 
flock, Frem ISfll to" 1900, a deposit of bonds with a market or par 
value (whichever v;u? the lower) of $100 was required for every $90 
worth of notes. In 1900, the law w’as changed to permit the issuance of 
notes up to the par value of the bonds, provided the market value of the 
bond? wn^i not below their par value. If below par value, additional 
security wa? required. Uniformity of issue was obtained by making the 
note? of the same sire and design, though the name of each bank appeared 


on it? own is?ue. 

^Mietlmr or not national baidcs issued bank note? was entirely a mat- 
ter of choice. If notes were issued, United States bonds having the 
circulation privilege were deposited with the Comptroller of the Cur- 
rency, wlio transferred tliom to the Treasurer of the United States^ A 
rodomplion fund of o per cent in lawful money was also deposited. 
Witliout listing tlio various cxpenFCS, direct and indirect, attached to 
the i«‘?uanrc of bank notes, it ecu be said that a piofit of to 1 per cent 
was commonly made on national bank-note circulation, in addition to the 
regular return of interest on notes paid to customers in place of other 
monev. The Federal Home Loan Bank Act of July 22, 1932, amended 
the National Banking Act to permit an increase in the national bank- 
note circulation. This legislation extended the circulation privilege for 
a period of 3 years to all bonds of the United States Government bearing 
interest at 3% per cent or less. On March 9, 1935, the Treasury 
Depurlmcni announced a plan for the retirement of the national bank 
notes. All the 2 per cent bonds bearing the circulation privilege were 
called for redemption on or before August 1, ^ 935 . The Treasury pro- 
vided for the redemption by earmarking $646,000,000 of the gold profit 
from the devaluation of the dollar. This sum was deposited, from time 
to lime, in the Federal Reserve banks in the fonn ^ 
the Government drawing against the deposit to meet tlie bond redemption 
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Thus, with the expiration of tlic 3-ycar i)rivilcgc under the act of July 22, 
1932, and the calling for redemption of tho?c bonds carrying the circula- 
tion privilege, national banks were deprived of their privilege of issuing 
bank notes. 

A third provision of importance in the National Bank Act was that 
relating to the ininimuin capital stock of a national bank. Until 1900, a 
national bank could not be established with less than $50,000 capital. 
In that year, however, the minimum was lowered to $25,000, in order 
to permit the establishment of national banks in small towns where a 
larger cai)ital vould make profitable operation gcncrall}^ impossible. 
But the Banking Act of 1933 has increased the minimum capital required 
for newly organized national banks in towns of less than 6,000 popula- 
tion from $25,000 to $50,000. The act has provided also that institu- 
tions established in cities with a population of from 6,000 to 50.000 arc 
to have a minimum capitalization of $100,000, while banks organized 
in communities of more than 50,000 population must be capitalized at 
least at $200,000.^ Furthermore, at the time of organization, all banks 
must have a surplus equal to 20 per cent of their capital. These provisos 
of the Banking Act of 1933 are designed to strengthen the financial 
structure of that pait of the banking community — the small banks 
where failures were most prevalent during the period 1920 to 1933. 

The Banking Act of 1935 terminated the double-liability feature of 
national bank stocks. This latter provision, incorporated in the Bank- 
ing Act of June 3, 1864, made shareholders of every national banking 
association liable for all debts of their bank to the extent of the par 
value of their shareholdings. 

Bank-stock shares are usually issued in denominations of $100. But a 
national bank is permitted to issue its shares in suras of $100 or less 
if such is provided for in its articles of association. 

Another practice approved and further strengthened by the National 
Bank Act of 1864 was that of requiring a fixed reserve of lawful money 
behind deposits. The cities of the country were classified as ^‘central 
xeser\"e cities, or “reserv^e cities,** or as **other cities** (sometimes called 
“country cities**) . New York, Chicago, and St. Louis were placed in the 
first classification, about 50 of the next largest cities in the second, and 
all the remaining cities in the third. National banks in the central 
reserve cities were required to keep all of their reser\’’es on hand, but all 
other national banks were allowed to deposit part of their reserv^es with 
other national banks. Though later amended because of serious defects, 
this plan of resen>'e requirements was a notable advance over previous 
or existing plans or methods. 

The National Bank Act stressed the importance of drawing up reports 
showing the financial condition of all national banks. At first, four 
sworn reports were required annually. The number was later changed to 

^ A national bank Avith a capital stock of not less than $100,000 may be established 
with the approval of the Comptroller of the Currency in the outl 5 dng districts of a 
city of more than 50,000 population, piovided the banking laws of the state pennit 
state-chartered banks to be organized with a capital of $100,000 or less. 
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five, nnrt tlion to three. In ndfljtion, the la^v subjects, national banks 
to vonunnmml exatniuations. oi audU-, made l)y icprci^enlativcs of the 
Cninplroilor of the Cunency 

^ Additional v.cie thrown around national banks by rigidly 

linuting and prc'-cribing (hen iending power:.; by fixing the Iiabiii^^ of 
.stodcholdcrs and dirceloi-, and by requiring (lie banks to confine their 
ojicratiou^ ‘^otely to the baukiim held Cieatcd to function as coninier- 
rial banking institutions national banks weic not originally ponnitted 
to citgaue in siving^-bunk busincs*^, to make roabestatc foans. or to 
ej|rry on any fiduriaiy or trust-company activities. The Federal 
Ke^-erve Act and the MeFaddcn Act, howcAcr, removed oi modified tliese 
and other restriclion‘^ 

Principal flcffcP of tin i?paee doc*' not jiermit a discussion of 

(he vanou*' defect^- of (he Xauonal Bank Act that led to the pas*=age. in 
neceinher. 1013, of the ]"cder»il Ik^one Act, which; with ceilain .amend- 
ments .suggested hy expciience, tlie fundamental laiv of our present 
banking system The cldtf objection*- to (ho old national banking sys- 
tem are (onci^oly stated ni the repoit of tlie National Monctaiy Com- 
nussum; cstublishcd hy Congu-s m 190S to UK|Unc into what changes 
wore litre ssjny or (k-nai)le in llic monetary system of the United States 
Of (lie 17 defects listed, the following W'cic of ou^tanding impoi lance* 

(1) No piovision was made for the mohiliration and use of the scat- 
tered rc-ci\cs of the country’s hank*^ 

(2) Anluiuuted Ftdciai and ^tatc laws icstnctcd the ii*jc of bank 
icscncs and curtailed the lending power of bank*^ duung jicnod^ of 
5?ti‘css, when n-cice- slumld be ficel} u^-cd and credit liberally extended 
to nil deserving customers 

(3) Banks lacked tlic abihiy to leplenisii iheir receives oi incieasc 
their lending powei to meet unusual tlernands 

(4) The eoimtiy wa*; hamjicicii by an inelastic curieucy made up 
thieny of bank-note issues, tlic -volume of which was usually dependent 
upon the amount of United States bonds held by tlic issuing banks and 
(he pi ice of the bonds, not upon the fluctuating needs of business 

(5) Banks weic without means of cooperation and depiivcd of the 
possibility of joint action in times of stress. 

(0) Lack of an cstabli*-hed market foi agricultural, industrial, and 
commciTi.al paper led to an unhealthy congestion of lendable funds in 
great centers, tending to cncouiage speculation and injurious disturb- 
ances to rc*?crv'es. The United States lacked a broad discount market 

(7) There was a maiked lack of equality in credit facilities betw*een 
different sections of the country. 

To this list of defects should bo added the fact that, pnor to the pas- 
eage of the Federal Reserve Act, we were largely dependent upon for- 
eign banking institutions in canying on oui commercial dealings with 
foreign countries This was due to the fact that national banks were 
^^ot allowed to create bank acceptances, the recognized instrument in 
all important commercial countries for the use of ciedit in connection 
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with export and import transactions. Some private bankers and some 
state-chartered banks were using acceptances in a rather limited way, 
but the total volume of such acceptances was not sufficient to justify 
or make possible an open-acceptance market such as that which has 
developed in recent years. 

Federal Reserve Act. The general purposes of the Federal Reserv’e 
Act, as set forth in its title, are as follows: 

An Act to p^o^'ide for the establishment of Federal Reserve banks, 
to furnish an elastic currency, to afford means of rediscounting com- 
mercial paper, to establish a more effective supervision of banking in 
the United States, and for other purposes. 

The country was divided into 12 Federal Reserve Districts, in each 
of which was organized a Federal Reser^^e bank- and, subsequently, 
such branches as have been deemed desirable. Each of the 12 Federal 
Reser\^e banks is a separate, independent organization governed by 
own board of directors, but the activities of the banks are coordinated 
through the Board of Governors. The board is composed of 7 members 
appointed b}^ the President with the advice and consent of tlie Senate 
for a period of 14 years. The terms of the members of the board are 
arranged so that not more than one term will expire in an}’' 2-year 
period. Furthermore, no member of the board can be reappointed; 
apparently, the thought being that domination of Federal policy by 
any one group of men would thereby be avoided. The President of 
the United States appoints one of the 7 members as chairman of the 
board for a term of 4 years. A vice-chairman is also chosen to preside 
in the absence of the chairman. Since the board is to act as a coordi- 
nating body and to report a national point of view, the President is 
directed to select members with “due regard to a fair representation of 
the financial, agricultural, industrial and commercial interests and 
geographical divisions of the country.”® It also stipulated that not 
more than one member may come from any one Federal Resers^e Dis- 
trict; moreover, no member may be an oflScer, director, employee, or 
stockholder of any banking institution. The Secretary of the Treas- 
ury and the Comptroller of the Currency, members of the Federal 
Reserve Board since its organization, were removed therefrom by the 
Banking Act of 1935, which provided that their membership was to ter- 
minate on Februar}’’ 1, 1936. The more important powers of the board 
may be summarized briefly as follows: 

(1) To examine Federal Reserve banks and member banks, and to 
require written weekly reports from the reserve banks for publication. 


he Organization Committee of the Federal Reser\'e System, composed of the 
Secretary' of the Treasnr>% the Secretarj' of Agriculture, and the Comptroller of the 
Currencj^ after a careful sun'ey of banking, business, and commercial conditions, 
named these cities as the locations for the Federal ]Reser\’e banks: Bo^ton, 
lork, Philadelphia Cleveland, Richmond, Atlanta, Chicago, St. Louis, Minneapolis, 
Kansas City, Dallas, and San Francisco. 

Section 10 of the Federal Reserve Act as amended. 
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(2) To permit, or, on an affirmative vote of at least 5 members of 
the Board of Governors, to require Federal Reserve banks to redis- 
count the discounted paper of other Federal Reserve banks at rates of 
interest to be fixed by the Board of Governors 

(3) To suspend for a period not exceeding 30 days and, from time 
to time, to renew such suspension for periods not exceeding 15 days, any 
reserve requirement specified in the act, subject, however, to certain 
conditions. 

(4) To supervise and regulate through the bureau, under the charge 
of the Comptroller of the Currency, the issue and retirement of Federal 
Reserve notes, and to prescribe rules and regulations under which such 
notes may be delivered by the Comptroller to the Federal Reserve 
agents applying tlierefqr. 

(5) To add to the number of cities classified as reserve and central 
reserve cities, or to reclassify existing reserve and central reserve cities, 
or to terminate their designation as such 

(6) To suspend or remove any officer or director of any Federal 
Reserve bank, the cause of such removal to be fortlnvith communicated 
in writing by the Board of Governors to the removed officer or director 
and to the bank. 

(7) To require doubtful or worthless assets held by Federal Reserve 
banks to be charged off. 

(8) To suspend for the violation of any provision of the act the 
operations of any Federal Reserve bank, to take possession thereof, 
administer the same during the period of suspension, and, when deemed 
advisable, to liquidate or reorganize such bank. 

(9) To require bonds of Federal Reserve agents and to make neces- 
saiy regulations for the safeguarding of all collateral bonds, Federal 
Reserve notes, money, or property of any kind deposited in the hands 
of agents. 

(10) To exercise general supervision over Federal Reserve banks. 

(11) To permit or require the Federal Reserve banks to establish 
or close down branch banks in order to meet fully the credit require- 
ments of all sections of a Reserve district.^ 

(12) To grant by special permit to national banks, under the provi- 
sions. of the act, the right to exercise those fiduciary powers which state 
banks, trust companies, or other corporations which come into competi- 
tion with national banks are permitted to exercise under the laws of 
the state in which the national bank is located. 

(13) To employ attorneys, experts, assistants, clerks, and others to 
conduct the necessary business of the board. 

(14) To control more completely open -market operations of the Fed- 
eral Reserve System through the Federal Open IMarket Committee, / 
of whose 12 members consist of the Board of Governors. 

(15) To supervise all transactions and regulations between any Fed- 
eral Reserve bank and foreign banks. 

accordance with this authority, 25 branches and 2 a^^eiicies been estab- 
lished. 
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(16) To remove an oflScial or director of a member bank who vio- 
lated the banking law or who engaged in unsound bank practices, not- 
withstanding official warning. 

(17) To limit the rate of interest which member banks may pay on 
time deposits. 

(18) To control excessive speculation through the establishment of 
margin requirements.^ 

The act also made provision for a Federal Advisory Council com- 
posed of 12 members, one from each Federal Reserve district, chosen 
annuall}’’ by the board of directors of the Federal Reserve bank of the 
district The purpose of the council is to give the Board of Gover- 
nors the benefit of its advice on the operation of the system and to 
apprise it of local conditions throughout the couijtry. 

Each Federal Reser\’e bank is chartered for an indeterminate period 
and is owned b}^ the member banks of its district through subscriptions 
to its stock to the amount of 6 per cent of each member bankas capital 
and surplus. To date, only one half of the subscription has been called. 
In the event that a member bank readjusts its capital and surplus, its 
subscription to Federal Resen^e bank stock is modified correspondingly. 
The stockliolders are entitled to a cumulative dividend of 6 per cent 
per annum, while net earnings of the reserve banks over and above the 
required dividend are placed in a surplus fund.® 

hlerabership in the Federal Reserve System is required of national 
banks, while state banks and trust companies — including mutual sav- 
ings"' and IMorris Plan banks — ^may join the Federal Reser^x System 
upon compliance vdth certain conditions which place them on an equal 
footing with national banks. Private banlcs may not become members 
of the Federal Reserve Sj'stem. 

Each of the 12 Federal Reserv^e banks is governed independently by 
a directorate of 9 members. "These officials, in office for 3 j^ears, are 
designated as Class A, B, and C directors. Class A directors arc 
selected by the member banks to represent them; Class B diiectors, 
also chosen by the member banks, represent the business interests of 
the district. They must be active participants in business or agricul- 
ture and must not be officers, directors, or employees of a bank. lu 
order to insure adequate representation for the banks of var>dng size, 
tlie law. provides that the banks of each district shall be divided into 
three groups — ^large, intermediate, and small. Each size classification 
elects one Class A and one Class B director. Three Class C directors 

“In order to make efiective the board’s regulations, brokers end dealers may bor- 
row only irom member banks or from such nonmember banks as agree to comply 
with these regulations. 

“The Banking Act of 1933 called for the 12 Federal Resen'c banks to .‘mbscribe 
to the stock of the Federal Deposit Insurance Corporation to the amount of one 
half of their surplus At th.at tune, the surplus amounted to $139 300,000 ^ 

’A mutual savina^ bank is elijribic for membership if its surplus and undivided 
profits are not less than the amount of capital required of a national bank located 
in the «^ame place and if it subscribes to the capital stock of a Federal Beserv'e bank 
in an araounf equal to six tenths of 1 per cent of its total deposit liabilities. 
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are chosen by the Board of Governors. They must be residents of the 
distidct and without any bank affiliation in the capacity of officer, 
director, employee, or stockholder. The chairman of the Board of 
Directors of each Federal Reserve bank is chosen from the Class C 
appointees; moreover, he acts also as the Federal Reserve agent and 
as the board^s official representative in the local district. However, the 
top ranking officer of each Federal Reserve bank is the president, who 
is appointed by the Board of Directors for a period of 5 years with 
the approval of the Board of Governors 

The Federal Ojien hlarket Committee, consisting of the Board of 
Governors and 5 members chosen annually by the Federal Reserve 
banks, directs the so-called ^^open-market operations.^' This commit- 
tee controls a very powerful instrument of credit policy. 

Operation of the Federal Reserve System. The underlying thought 
of the Federal Reserve System is to strengthen the existing banking sys- 
tem and to enable it to supply the current needs of business more ade- 
quately. To accomplish this, it was vested with broad and far-reach- 
ing powers. For one thing, all legal reserves of member banks must 
be deposited with the Federal Reserve banks The minimum reserve 
requirements vary, depending on the location of the bank The insti- 
tutions in the central reseiwe cities, New York and Chicago, are required 
to maintain minimum reserves of 13 per cent against demand de- 
posits, The banks in the reserve cities, 59 in number, are called upon 
to hold reserves of 10 per cent against their demand deposits, while all 
other banks, termed “country banks,” must have a minimum reserve 
balance with the Federal Reseiwe banks of 7 per cent against their 
demand deposits. All members must keep a reserve of 3 per cent 
against their time deposits. The Banking Act of 1935 granted the 
Board of Governors the power to raise reserv^’e requirements by 100 
per cent.® By increasing the reserve requirements, the member banks 
are deprived of some lending power, and so a credit-restriction policy 
may be pursued through this credit-control weapon. On the other 
hand, a reduction of reseiwe requirements from any point above the 
minimum balances required quite obviously increases the loanable 
funds of the banking structure and thereby encourages an easy money 
policy. 

Credit control may also be exercised through the discount-rate policy. 
The discount rate is the rate charged member banks for notes which 
they discount at reserve banks The discountable notes consist of 
eligible commercial paper— such as promissory notes, trade acceptances, 
bank acceptances, and so forth— resulting from the financing of work- 
ing-capital requirements of business and agriculture, or the member 

‘At the time of writing, April, 1940, the reserve icqmremeiits me the following: 

Reserves Again^i 

Dcinand Deposits Time Deposits 
22H% 5 % 

17 ^ 5 

12 * 5 


Central Reserve City Banks 

Reserve City Banks 

Country Banks 



926 


THE BANKING INDUSTRY 


banks ovm promissorj^ notes secured by United States Government obli- 
gations, or paper eligible for discount. The business paper may have 
a maturity not exceeding 90 days, while agricultural paper may have 
a maturity of 9 months. If the collateral securing a member-bank note 
consists of eligible commercial paper, the advance ma}’' run for 90 days; 
but if the security consists of United States Government debt, the 
advance may be for a period not in excess of 15 days. Another form 
of advance may be made by a Federal Reserv'e bank, provided the 
regulations of the Board of Governors are complied with; thus, the 
reserv^e bank may make advances to members for a period of not more 
than 4 months on the basis of satisfactory’' collateral which is not eligi- 
ble. However, a penalty rate is imposed iipon such advances by a 
charge of at least one half of 1 per cent highei' than the highest rate in 
effect at the reser\"e bank. 

The rates of discount at each Federal Resews^e bank are fixed by the 
Federal Reser\’e banks, ^‘subject to review and determination of the 
Board of Governors.’' 

Through an increase in the discoimt rates, the reserve banks can 
discourage borrowing and so impose a condition of tight money upon 
the business world. A reduction of discount rates is intended to 
encomage business by making it less expensive for the member banks 
to obtain funds at the Federal Reserv-e banks; and, in turn, it is hoped 
that the banking community will pass on the lower costs of borrowing 
to the business public. 

The discount process may result in an increased amount of Federal 
Reser\'e notes in circulation. A member bank, by discounting its own 
or its customers promissory^ notes, secures the necessary’’ funds with 
which to meet hea\"y cash withdrawals by the business public. The 
reserve bank will pay^ over the amount of the discount either in the 
foim of cash paid out of reserves or in Federal Resen^e notes. On the 
other hand, when the business community finds itself with an excessive 
supply” of till money, cash is deposited with the commercial banks, and 
the result is an excess of funds in the bank vaults. The unnecessary 
cash on hand is usually turned over to the resen^e banks; and, to 
the extent that it consists of Federal Reser\”e notes, the Reseive bank’s 
liability for its notes in circulation is reduced. This arrangement pro- 
vides for an elastic note issue responsive to the needs of business. Hovr- 
ever, if the funds deposited in the Federal Reser\'e bank consist of other 
kinds of money than Federal Reser\”e notes, the result is merely an 
increase in the member banks’ reserves. 

The open-market operations of the Federal Reser\^e banks pro%dde 
still anotlicr method of credit control. These activities, as mentioned 
above, are controlled by the Federal Open Market Committee, with 
whose rulings all reserve banks must comply”. The sy^'stem’s open -mar- 
ket operations may be in securities of the United States Government or 
those fully guaranteed thereby; cable transfers; eligible foreign and 
domestic bills of e.xchange; bankers’ and trade acceptances; the obliga- 
tions of states, municipalities, and other political subdivision if they 
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mature within G months; and gold coin and bullion, in so far as per- 
mitted under the Gold Reserve Act of 1934. For all practical purposes, 
the open-market operations have been largely in United States Govern- 
ment securities and bankers’ acceptances. A buying program by the 
Federal Open Market Committee will increase member-bank reserve 
balances and thereby encourage low money rates, while the reverse pro- 
cedure — the sale of oiien-markct holdings — ^will reduce the size of reserve 
balances and so make for a tighter money market. 

The misuse of Federal Reserve and member-bank credit for specula- 
tive purposes and the deflation of 1929 to 1933 led to the passage of 
the Banking Act of 1933, which increased the Federal Reserve System’s 
control of speculative credit. The Board of Governors was directed to 
keep itself informed of the undue use of credit for the speculative car- 
r 3 *ing of or trading in real estate, securities, or commodities, and the 
Federal Reserve banks were ordered to consider such information in 
granting credit. Furthermore, the board was ordered to establish for 
each Federal Rcsci^'c district the percentage of individual bank capital 
and surplus that might be represented by loans on stock or bond col- 
lateral. l^Ioreovcr, 90-dny advances by leservc banks on member-bank 
notes secured bj' eligible paper are to become due immediately if col- 
lateral loans are increased in spite of an official warning to the con- 
trary. In addition, the board was given the power to^ suspend a mem- 
ber bank from the use of Federal Reserve credit facilities if it continued 
to make undulv great speculative loans notwithstanding official warn- 
ings. Finally, the Banking Act of 1933 prohibited member banks from 
acting as agent for nonbanking interests in the granting of collateral 
loans to brokers and dealers in investment securities. The Secunties 
and E.vchange Act of 1934, providing for Government regulation of 
security trading, vested the Board of Governors ^’kh the power to 
establish margin requirements on brokers’ loans. This legislation a so 
established the principle that brokers and dealers may borrow only 
fiom member banks and from such nonmember banks as comply witti 


the board's regulations. . v.,ni.o 

In 1934, the Federal Rcsoiwc banks were given the power to rnake 

direct loans to business for working-capital purposes whenever 
lished industry or commercial business was unable to obtain financial 
as3i.«tance from the usual credit sources. Loans resulting from the exer- 
cise of this power can not be outstanding more than 5 yf^rs. 

Mention must be made also of the nation-wide clearing and collec- 
tion sjUem established by the Federal Reserve 
reserve bank serves as a central clearing house 
for the member banks within its district. Moreover the In^^ 
Settlement Fund, under the jurisdiction of the Board of Goxerno , 
establishes a national clearing arrangement. TTriiipd States 

Lastly, the reseiwe banks act as a fiscal Jjt and disbmse 

Government. They hold Government ^ tl?e coTn and 

Federal funds They also act as the distributors of the com 
ren.,. of arcountj; now issno, of Ttoosury o»r«oy oto ortonnly. 
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placed with these central banks. Again, the reserve banks handle the 
sale of Government securities, which have reached large proportions in 
the depression years.^ 

Advantages of the Federal Reserve System. The principal bene- 
fits which have accrued to banks and to the business interests of the 
country are set forth below. This brief summary, though considerably 
curtailed, also serves the purpose of throwing additional light, indirectly, 
upon the Federal Reserve banks^ activities. 

Economy. By the pooling of the reserves of all member banks of 
each district in the Federal Reserve bank of the district and by the 
practical merging of these 12 reseiwe funds into one inclusive fund 
through the discounting privileges of Federal Reserve banks, great econ- 
omies have been effected Not only have legal reserve requirements 
been reduced, but banks in general have been enabled to operate suc- 
cessfully and safely with far smaller actual reserves. 

Estahhshment 0 / a rediscount market With the capital paid in by 
member banks supplemented by earned surplus and with the reserve 
deposits of member banks multiplied by the power of the Federal 
Reserve banlcs to issue Federal Reserve notes against 60 per cent of 
eligible paper and 40 per cent of gold certificates, Federal Reserve banks 
have been enabled to make advances to member banks exceeding by 
many times the total amounts borrowed by all banks at any previous 
period, at rates ranging from 1 per cent to 6 per cent and, in the most 
extreme cases, not exceeding 7 per cent. 

Furnishing of an elastic currency. Federal Reserve notes, which 
are direct obligations of the United States Government and the issuing 
Preserve banks, are loaned without interest to Federal Resen^e banks, at 
the discretion of the Board of Governors, upon the deposit of the required 
security with the Federal Reserve agent. The volume of Federal 
Reserve notes has responded promptly and fully to the demands of 
business, increasing when more currency is needed or automatically 
decreasing when the need has passed. 

Establishment of a par^collection system. In 1916, the present par- 
collection system of the Federal Reserve banks was established. Begin- 
ning with all member banlcs and approximately an equal number of 
nonmember banks, the system has grown until it embraces most of the 
banks of the country. By this system, not only has the payment of 
exchange been abolished with respect to all banks embraced in the sys- 
tem, but the old methods of circuitous routing have been done away 
with. This has effected great economies. In handling checks drawn 
upon member banks and nonmember par banks, the Federal Reserve 
banks have been able to render to the business interests of the country 
an exceedingly valuable ser^dee from a credit standpoint. 

More effective supervision of banking. Member banlvs, particularly 

® The Banking Act of 1935 prohibits the reserve banks from buying obligations of 
the United States Government directly flora the Treasuiy It was believed that 
the Treasury'’ would then be forced to reb’’ entirely upon the open market and would 
thus be more careful in its creation of debt. 
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(hose that discount freely with their Federal Reserve banks, are in con- 
stant and intimate contact with the Federal Reserve bank management. 
As a result, in many cases, mistaken policies have been detected before 
trouble has ensued, and in other cases, member banks have been enabled 
to avoid the serious consequences which would have resulted in the ab- 
sence of such friendly and able assistance. 

The McFadden Bill. The McFadden Bill, approved by Congress in 
1927, had for its purpose the enlarging of the charter powers of national 
, banks, so that they might meet the competition of state banks on a 
more nearly equal basis. Some of its more important provisions are: 

(1) It permits the direct consolidation of national and state banks. 

(2) It provides indeterminate charters for national banks, so that 
they may exercise more fully trust functions permitted under the terms 
of the Federal Reseiwe Act. 

(3) It legalizes the practice of national banks of buying and selling 
investment securities, under such a definition of the term ^'investment 
securities'" as may be prescribed by the Comptroller of the Currency. 

(4) It permits national banks to acquire and 'hold real property, even 
though not intended for immediate use, in order that they may make 
reasonable and provident provision for future expansion. It also per- 
mits national banks to make loans on improved real estate, subject to - 
certain restrictions. The Banking Act of 1935 also liberalized the 
restriction upon real-estate loans. The aggregate of such loans is fixed 
by this law at the amount of the lending bank's capital and surplus or 
CO per cent of its time deposits, whichever is the higher. 

(5) It establishes the policy of Congress in the matter of branch 
banking for national banks by legalizing branches of such banks in law- 
ful operation on February 25, 1927 (the date of the approval of the act). 
The act further provides that branches of national or state banks may 
be retained if a state bank is hereafter converted into or consolidated 
»witJi a national bank, or if two or more banks are consolidated. 

Federal Farm Loan Act. The Federal Farm Loan Act, which be- 
came effective in July, 1916, provided for the establishment of a bureau 
in the Treasury Department to be known as the "Federal Farm Loan 
Bureau" and to be supervised by a Federal Farm Loan Board. It fur- 
ther made provision foi’ the creation of 12 Federal Land Banks and 
permitted the establishment of any number of Joint-Stock Land Banks 
for the purpose of making loans at reasonable rates, for long periods 
of time, on farm lands. The country was to be divided into 12 Farm 
Loan Districts, in each of which would be established a Federal Land 
Bank with a subscribed capital stock of not less than $750,000, Banks 
^cre established in Springfield (Massachusetts), Baltimore, Columbia 
(South Carolina), Louisville, New Orleans, St. Louis, St. Paul, Omaha, 
Wichita, Houston, Spokane, and Berkeley (California). Each bank is 
permitted to establish branches in its own district. 

Ordinarily, the Federal Land Banks lend to farmers, not directly, but 
indirectly through National Farm Loan Associations which, according 
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to the net, may be formed by at least 10 farmers in the district, each 
of whom desires to borrow* on his land or on the improvements thereon: 
However, sub-.cq\icnt amendments permitted direct loans to farmers 
on tlic scenrity of first mortgages on farm land. After nn association 
has been chnrteied, loans up to $50,000 may be made to any member, 
but ni>]fiications for loans of more than $25,000 must be submitted to 
the Land Bank Commissioner for approvah^^ Loans may be made up 
to oO per cent of the appraised normal value of tlie land and up to 20 
per cent of the appraised value of the permanent insured improvements, 
but not in excess of the limitation of $50,000 to one person. Monty 
may be borrowed only for approved purposes — ^uoh as the purchase of 
land for agricultural uses; the purchase of equipment, fertilizers, and 
livestock for the reasonable operation of the mortgaged farm; the con- 
struction of buildings and improvements on farm lands; the payment 
of indebtedness of an eligible borrower if increased prior to Junuaiy" 
1, 1937; the payment of other debts incurred at any time for agricultural 
purposes; and the provision of funds for general farm uses to owners 
of mortgaged land. The Farm Credits Act of 1935 permits Federal 
Land Bank loans under certain conditions to corporations engaged in 
raising livestock 

Charters arc issued to proposed associations by the Federal Land 
Bank of the district. Each prospective borrow^er must subscribe for an 
amount of the capital stock of his association equal to 5 per cent of his 
loan. Tlic money thus subscribed is used for the purchase of an equal 
amount of stock in the Federal Land Bank of the district. The stock 
is held for the association b}’' the bank, which then lends the money 
desired to the farmer through his association. The act made provision 
for the retirement of the original stock of the land banks owned by the 
Government and others in such a manner that, eventually, the banks 
would be owmed completely by the National Farm Loan Associations, 
which in turn arc owmed by farmer borrowers. 

Government money and Government enterprise established the Fed-* 
eral Land Banks, but in order to offer an opportunity for private enter- 
prise in the same field, the Farm Loan Act provided for the establish- 
ment of Joint-Stock Land Banks. Minimum capital requirements were 
$250,000, wLich might he subscribed by at least 10 stockholders. Loans 
were made directly to the borro\vers and might run from 5 to 40 years, 
secured by first mortgages only and limited to 50 per cent of the ap- 
praised value of the land and 20 per cent of the appraised value of the 
improvements. The banks operated under the jurisdiction of the Fed- 
eral Fai’m Loan Board. The Emergency Farm Mortgage Act of 1933, 
how’ever, called for the orderly liquidation of existing Joint-Stock Land 
Banks, Avhich is now being done. This latter act also provided for a 
fund of $200,000,000 wdth which tlie Land Bank Commissioner could 
meet a demand for additional farm-mortgage credit. 

Land Bank Conunissioner is responsible for the supervision and regulation 
of the Federal Land Banks and National Farm Loan Associations. He is an official 
of the Farm Credit Administration, established in 1933. 
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The Agricultural Credits Act of 1923 provided for the establishment 
of 12 Federal Intermediate Credit Banks The capital stock of each 
credit bank was to be subscribed by the United States Government. In 
1934, the Farm Credit Administration, under the authority of the Federal 
Farm Mortgage Act, increased the capitalization of the banks. These 
institutions were organized to make loans to or rediscount paper for such 
organizations as cooperative marketing associations, state and national 
banks, agricultural credit coriiorations, and incorporated livestock loan 
companies. 


The Economic Sisnificance of Banking to Our Present 
Industrial Development 

Banking and finance, by supplying to commerce and industry immedi- 
ately available purchasing power in the form of credits, furnish them 
with the moans to make enlarged productive operations effective in the 
present, for which otherwise tlie necessary capital could only be built 
up ovei' a period and brought into play in the Kiture. Generally speak- 
ing, they do this in two ways : tiirough long-time, or investment, 
credit; and through short-term, or commercial, credit. Through invest- 
ment credits, funds are supplied promptly to industrial enterprise to 
expand its capital equipment, such as plant and machineiy, in order to 
enable it to enlarge its operations and earnings, retiring its bonmungs 
gradually over a period of future years. Through short-term credits, 
or commercial loans, additional working capital for the purchase of raw 
materials and labor is supplied, enabling industry and trade to expand 
current operations in keeping v ith present business conditions, normally 
liquidating these borrowings out of the proceeds of each cycle of pro- 
duction or turnover of goods. This latter form of credit is the distinct 
service of commercial banking to business and industry, while the for- 
mer type of credits — that is, investments — are handled more properly 
by investment houses. However, commercial banks, trust companies, 
and savings banks, through their investment accounts for themselves 
and customers, constitute a major part of tlie market for^ investment 
issues. Prior to 1933, commercial banks frequently organized 
ment affiliates which supplied investment credits How^w, the Hanlc- 
ing Act of 1933 ordered the divorce of the investment affiliates by June 
16 , 1934, 1 year from the date of passage of the act. It ^^as believed 
that commercial bankers who were charged with the responsibility of 
investing depositors' money should not at the same time engage ^ 
underwriting and selling of securities which might lead to the improper 
use of depositors' funds. 

In addition to the afore-mentioned credit functions, banks Proj 
important services to commerce and industiy as deposrtor es of their 
current ^vorking and surplus funds, performing m this jj- 

amount of technical, mechanical, and bookkeeping o ai , ^ Jnter- 

facilitating the operations of business along such ‘S 

change of funds by means of checks, the making up of payro i 
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dtpofzu? or cer:i5.cate5 o: deposit. 

ESect of coilaterai horro^mng on banks. During ilie period of stock 
sTHrculSitioa precodinc the depression of the 1930 s. n considerable ad- 
verse eSect upon banking conditions exerted by the extremes to 
vrLirh loans on coliateral. either fxoin the banks or through the assist- 
rxcc of the banks, vrere carried. On a veiy e^nensive scale, individual 
customers of b.:nks, rrho formerly confined their borroTrings from them 
either to unsecured commercial loans directly connected Trith ti:e pro- 
ductive operations or their businesses or to loans secured by stocks or 
bonds as coilaterai for the purpose of augmenting funds to be employed 
in their erm proper business, created an abnormal volume of collateral 
k*ar.s frr.ra the banks for the purpose of stock specuiation or investmtnt 
beyond the strict scope of their o“vn business operations. When the 
collapse in security prices occurreG. rridespread losses left many of these 
borr’^trers unable to repay their bank loans, and it vras often necessary 
for tr.e banks to take over the collateral securing them. The rapri 
depretdation of this collateral frequently left the banks vrith insufScrcat 
securit^v-. B}" ri:is indirect process, banks veiv' generally came into pefS- 
sc-don o: a large volume of undesirable investinents vhose iiqiudation 
TX' difheuk ex‘*'cn: at a In^-. Also, during the boom, many corporatmns. 
tarn ig:j the sale of seraritics, created large cash balances, trliich they 
in^'r^U’tcd the I-ank- to loan out directly for them in the form of calL 
or rirr.c. loans secured by stock-exchange collateral, thereby creatirg a 
va^t volume of craii: cut of control of the banks^ trhich tvas employe: 
by :rr-*c*:latrre borrov-ers and contributed to the infiation that came b' 


an fua :n tae stor'k-naarket collapse of 1929. This ^^grerd in’ridh!*'' 
banking as it ’vns rruled. hurriedly ndtbdrtv* these loans frcm 

tin calbmon^y* market during the panic, adding to the enforced I:qu:da- 
tier, of th>' -pecnlntia'c accounts it had been supporthng. In tbi; en.trc- 
er.fy, a gnrt part of this speculative credit structure v/as taken over 
by bank-. cLu- preventing n far greater cita-tronhe than actuady 
Tl'.e situation v*as that a Targe volume of the speculative 
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Effects of business panics on banks. Banks are particularly vul- 
nerable to the effects of business panics. As was shown in the foregoing 
discussion, they had a very difficult function to perform in connection 
with the liquidation of the speculative stock-market boom which began 
in 1929, both through extending support to the call-money market under 
the difficult conditions of the emergency and also by coming into posses- 
sion of a vast volume of depreciated collateral security on which they 
had extended loans to their ovm customers. Another source of danger 
to banks in a period of panic is the possibility of runs by depositors. ^ A 
bank is never wholly liquid to the full extent of its demand deposits, 
which are employed in loans and in investments to create the earning 
assets of the bank. A bank’s cash reserves are ordinarily sufficient only 
to meet normal withdrawals of deposits. In times of panic, when rumors 
fly regarding the condition of all financial institutions, withdrawals fi'e- 
quently become so rapid and insistent that a bank cannot meet them out 
of its cash reserves, the maturities of its loans, or through the disposal 
of its investment assets. Under such circumstances, many a bank is 
forced to close its doors, even though its assets are more than sufficient 
to meet all its liabilities, in order to gain time to realize cash on its 
assets in an orderly way. As a matter of fact, in a great majority of 
cases, the liabilities of closed banks are finally paid in full or almost in 
full, and losses to depositors are caused by their own destructive urgency, 
rather than by any basic weakness in tlieir bank. Other effects of panics 
and business depressions upon banks are the curtailment in the volume 
of commercial credit, an increase in losses on loans, and a drop of values 
of the securities in which their funds are invested. 


Banking in the Depression 

The general economic liquidation during the depression was accom- 
panied by a rapid increase in the number of bank failures which not only 
exerted deflationary influences but also created a strong fear and distrust 
of the banking and financial community Hoarding of currency became 
pronounced in the latter part of 1930 and continued in 1931 and 1932, 
when the chaotic international financial situation contributed to the gen- 
eral confusion. Particularly damaging to monetary and banking staM- 
ity was England’s abandonment of the gold standard in September, 1931, 
whereupon the outflow of gold increased markedly. 

In order to deal with the demoralized banking situation, Piesident 
Hoover, with the cooperation of the banking communi oigamze on 
October 13, 1931, the National Credit Corporation This 
intended to enable banks to borrow on assets ineligible for discount at 
the Federal Reserve banks. The National Credit Corporation was not 
Governmentally financed but secured its fonds by le 
notes which each bank was asked to subscribe to up 
net demand and time deposits. But the ^ 

adequately with the bank panic. The result was 22 

Government of the Reconstruction Finance Corpora , * 
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1932, This corporation was authorized to grant loans to all classes of 
banks, to railroads, and to farmers upon adequate security. The Govern- 
ment attempted to ease credit further hy the passage of the Glass- 
Steagall Bill, on Februarj' 27, 1932. This legislation temporarily per- 
mitted member banks to borrow from the Federal Roser^^e banks on other 
assets when lacking eligible paper, while Federal Resen'o banks were 
enabled to use United States Government obligations as collateral for 
Federal Reser^'e notes. This latter proviso increased the “free gold'^ in 
the Federal Resen’e System, which theretofore had been required to 
cover the Federal Reserve notes in circulation. 

Notwithstanding these emergency measures, the business and financial 
situation was not improved, and a spreading fear gripped the American 
economy. The result was a growing number of state-wide bank holidays 
beginning in Februaiy, 1932, which culminated finallj" in the national 
banking holiday of iMarch, 1933. TlTien, in the latter part of ^larch of 
that year, the banking system was operating at approximately normal, 
only some 12,800 banks of the 18,000 in operation prior to the bank 
holiday were doing business on an unrestricted basis. 

The problem of the Government was then one of financial reconstruc- 
tion. This task, initiated with the passage, on June 16, of the Banking 
Act of 1933, had as one of its most significant features the establishment 
of the Federal Deposit Insurance Corporation, whose setup, however, was 
modified by the Banking Act of 1935. This step was intended to rebuild 
public confidence in the banking structure by providing for total or 
partial guaranty of bank deposits. The maximum insured deposit of 
any one depositor is fixed at §5,000. The funds of the corporation are 
obtained from capital-stock subscription, assessments levied on the in- 
sured banks, and earnings on investments. All of the stock of the cor- 
poration is ov-ned by the United States GoA'ernment and the Federal 
Reser\’e banks, the Government subscribing §150.000,000 and tlie Fed- 
eral Reser^’e banks $139,000,000. Insured banks are required to paj^ an 
assessment of one twelfth of 1 per cent of their total deposits. The cor- 
poration has the power to borrow up to three times its capital stock and 
the payment of the assessments upon insured banks for the year 1936. 
All members of the Federal Reserve System must become members of 
the Federal Deposit Insurance Coiq^ oration, while nonmember banks may 
become members upon compliance with certain specified standards. R 
is further stipulated that, after July 1, 1942, commercial banks witli 
average deposits of §1,000,000 or more must become members of the 
Federal Reser\^e System if they wish to maintain tlieir status as insured 
banks. The Federal Deposit Insurance Corporation may, after due no- 
tice and a hearing, terminate the membership of any bank that has either 
violated the law or engaged in unsound practices. 

The Banking Industry of Today in the United States 

On June 30, 1938, there were 15,341 banks of all kinds in the United 
States, with aggregate resources of §68,302,896,000. The total capital ac- 
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count of these banks amounted to $8,181,969,000; their total deposits, 
$59,379,550,000; and their loans and investments, $47,645,960,000. 
Banking houses, furniture, and fixtures were valued at $1,325,718,000. 

Modern banking institutions classified. When the above figures 
were made, banks were divided into the following classes: national banks, 
which are fundamentally commercial banks and are chartered by the 
Federal Government, numbering 5,248; commercial banks, including loan 
and trust companies and stock savings banks, chartered b}’' the various 
states, numbering 9,458; mutual savings banks, chartered by or incor- 
porated in the various states, numbering 562; and private banks, offi- 
cially reporting to the state authorities, numbering 73. A commercial 
bank receives deposits subject to check and extends short-time loans and 
discounts, ordinarily running for 60 to 90 days, to assist tlie current 
operation of trade and industry. A trust company engages in commercial 
banking and, more characteristically^ in fiduciary services, such as those 
of the executor and the trustee of estates, living and postmortem trusts, 
investment advice and management, and many other matters Savings 
banks accept passbook, interest-bearing deposits primarily for the purpose 
of helping tliose of modest means to accumulate sums below investment 
volumes. Private banks engage in commercial and investment trans- 
actions. 

Functions and activities of American banks. Although American 
banks are divided into the general classes listed above, there has been a 
considerable blurring out of the distinction between them by reason of 
the fact that the commercial banks, both state and national, have ex- 
tensively developed in their organizations trust and savings depart- 
ments, while the trust companies also perform a large volume of com- 
mercial banking In fact, under the roof of a great modern bank or 
trust company, it is possible to obtain virtually all types of financial 
service, including savings accounts, personal checking accounts, com- 
mercial borrowing accounts, investment advice, and cooperation and trust 
service in all of its various scope. 

Internal organization of a typical banking institution. Since banks 
5n the United States vary greatly in size and character, the internal or- 
ganization differs widely, A small country bank witli capital of $10,000 
frequently’' consist, in the organization of its personnel, merely of a 
president, who often is a local businessman controlling the bank but not 
engaged in its active administration; a cashier, who is the active execu- 
tive; and possibly two or three cleiks. Other somcnliat larger banks 
may^ have an equally^ inactive president with an active vice-president in 
chaige, and under him the cashier and clerics. As the banks increase in 
size, the president will become the active administrative officer, with one 
or more vice-presidents under him, and with a cashier, assistant cashier, 
and a clerical force in keeping with the volume of business of the pat - 
ticular bank. A large city’' bank will liave a president, perhaps 5 to 10 
or even a score of vice-presidents, an auditor, a cashier, a corps of 10 
or 20 assistant cashiers, and possibly 1,000 clerks. In a great metropoli- 
tan city bank, with its capital funds running upward of $200,000,000 and 
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its total deposits amounting to more than §2,000,000,000, the internal 
structure will become very complex. Frequently, these great banks have 
been built up through mergers, with the result that a number of senior 
officers, such as presidents and chairmen of boards, have to be taken care 
of in the organization of the resulting institution. As a consequence of 



Fig 1. Bank organization chart. 


an operation of this kind, we sometimes find a bank manned by a chair- 
man of the board, a vice-chairman of the board, a chairman of the finance 
committee, a chairman of the advisory committee, the president of the 
bank, and 30 or 40 vice-presidents, while the lower personnel below the 
class of cashier and assistant cashiers will sometimes run to 2,000 or 3,000 
employees. A bank of this type will be highly departmentalized. A 
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typical chart of the internal control of a bank is shown in Figure 1.^^ 

Branch banking. Branch banking has long furnished banking in the 
United States with its most mixed and controversial subject. In alb 19 
states permit state-wide branch banking; 17 states permit branch bank- 
ing within limited areas; and only 9 states prohibit branch banking, with 
4 states having no legislation regarding this matter. National banks aie 
permitted, with the approval of the Comptroller of the Currency, to 
establish branches within the various states in which they are located 
to the same extent to which state laws permit state-chartered banics to 
organize such branches. On December 31, 1938, 917 banks operated 
3,440 branches. Since there were on that day 16,194 banks altogether, 
it is quite obvious that less than 10 per cent of the banks in the country 
were branch-operating banks. The great majority of branch-operating 
banks operate only 2 or 3 suboffices, but there are many instances of 
banks with 25, 50, or more branches. This type of banking has devel- 
oped preponderantly in a few great cities but is not prevalent in the rural 
districts. 

In some of these rural districts, what has been called an ^^indirect” 
form of branch banking has been developed in the form of group bank- 
ing — that is, an organization in which a number of«separately chartered 
banks are owned or controlled through the medium of a corporation, 
business trust, association, or other similar organization. The Federal 
Reserve Bidletin of February, 1938, reported that, on December 31, 1936, 
there were 52 independent group systems controlling 479 constituent 
banks. Some of these group organizations included close to 100 indi- 
vidual institutions under the control of a large city banking group through 
a holding company. A number of these systems radiated into a number 
of adjoining states. Recent years have witnessed the dissolution of 
many group systems because of the suspension of the constituent banks, 
the insolvency of the holding companies, or the consolidation of the 
group banks which were then operated as branches of one key bank in 
the group. 

Until very recently, banking opinion was preponderantly opposed to 
branch banking In 1937, the American Bankers Association put itself 
on record as favoring the preservation and continuance of the dual bank- 
system. It expressed the belief that the system of unit banks ^as 
particularly adapted to the diversified community life of Uie United 
States, but since various states had authorized the establishment of 
branch banks, it held that national banks should enjoy equality with 
state banks having branch -banking privileges within such states. The 
^association also expressed itself as opposed to the establishment o 
branch-banking privileges across state lines. In 1938 and 1939, t e 
American Bankers Association reaflSrmed the action taken in 1937. 


from the volume Bank Organization and Operation by ® 

the Amenean National Bank and Trust Company of Chicago, Ilimois, ipubhJied 
by the Amenean Institute of Banking of the American Bankers Association, for - 
.m its instruction classes for bank workers 
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Methods of financing a bank. Banks ordinarily start as relatively 
modest institutions, and their financing is less ostentatious, as a rule, 
than that of industrial or other business concems. When a community's 
growth arrives at a point requiring a bank or additional banking facili- 
ties over those already operating, local businessmen organize and pro- 
mote a new institution, obtaining subscriptions to tlie necessary capital 
through personal solicitations. In some states, the minimum capital for 
organizing a bank is as low as §10,000 for a small village, with a rising 
scale for larger places, while the minimum for a national bank any place 
in the United States is $50,000. Generally, the par value of bank stock 
is $100. TMien the requisite capital funds are subscribed, a charter may 
be obtained from the proper authorities upon satisfactoiy proof that the 
new bank is needed and that those proposing it are proper persons to 
organize and operate a bank. Ordinaril 5 % the directors are chosen from 
among prominent local businessmen who have subscribed to the stock of 
the bank, in order to tie up its operations with the business interests of 
the community. 

Financing the expansion of a bank is generally carried out in two 
ways. The most frequent method is through building up surplus out of 
earnings. Conservative bank management vill aim to increase surplus 
until it equals capital and will always keep capital funds on the basis 
of about $1 for each $10 of deposits. The second method is by means 
of subscriptions for an increased capital stock or a subscribed surplus 
among existing stockholders, but it is not ordinar}’' practice to make 
public flotations of bank stock. In some cases, however, in order to 
increase the public interest in a bank in a community, bank stocks have 
been reduced to a par value of $25 and offered to the general public on 
the theory that this would increase community loyalty and good will in 
the institution. In New York City, the stocks of many of the large 
banks were listed and traded in on the New York Stock Exchange, but 
when speculation in these stocks in the stock boom ending in the fall of 
1929 became active, the management of several of these banks asked 
that their stocks be removed from the lists in order to take them out of 
the speculative limelight. 

The financing of the great metropolitan banks, some of them with 
capital funds now amounting to over $100,000,000, has been a matter of 
evolution rather than of a single or series of public-investment opera- 
tions. Tliese great banks, for the most part, started as relatively modest 
institutions^ and have grown to their present size through long series of 
amalgamations, mergers, and absorptions involving other institutions; 
and the major financial problems involved in their capital structure were 
tliose connected with working out a satisfactory interchange of stock 
between the collaborating institutions. 

Possible Future of American Banking 

The evolution of American banking seems to be along the line of creat- 
ing fewer but larger banking units. The failures of recent years have 
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boon chiefly among small banks in the countiy districts, especially at 
outlying points, ^vith the result that banking has tended to become more 
concentrated in the larger centers, which are now easily available over 
relatively large aicas by virtue of good roads and the all-perA'ading 
prevalence of automobiles. In tlie large cities as well, the consolidation 
movement among banks has been rapid, and statistics show that the de- 
posits of the theoretical average bank, taking the country as a whole, 
has increased notably in recent years. 

It is frequently prophesied that the spread of multiple banking, either 
in the form of branch-bank organization or group systems, wall still 
further concentrate the control of the nation^s banldng facilities into a 
relatively few great regional groups. The general economic setback 
sufTcred by the country during 1929 and the following 10 ^mars, however, 
has served to bring to a i dative standstill many marked changes that 
were going on at a rapid pace in the various financial fields. 

One marked movement in the banking field that has shown no signs 
of slowing down is that aimed at bringing about a higher average of 
scientific banking intelligence by means of education. IMore and more 
have bankers realized that theirs is an economic activity susceptible to 
a large degree to scientific formulation. The most extensive expression 
of this is through the numerous divisions of the American Institute of 
Banking and the Graduate School of Banking conducted annually at 
Rutgers University. These organizations are the educational sections 
of the American Bankers Association. The American Institute of 
Banking conducts some 248 banking schools and 107 stud}'' groups 
throughout tlic country, with a total student body among working bank 
people in the neighborhood of 41,000. Virtually all large city banks 
encourage their employees to take the courses presented by these schools 
and, in most cases, boar part or all of tlie necessary expenses, while in a 
few instances, banks make educational effort of this kind a part of the 
contract of employment for a new employee and successful progress in 
educational effort a prerequisite to promotion. The Graduate School of 
Banking was organized in 1935 to extend the work of the American In- 
stitute of Banldng. Its student body consists of bank officers desirous 
of taking advantage of educational opportunities of an advanced char- 
acter in the fields of their professional interest. In addition to these 
measures for improving the technical qualifications of the younger bank- 
ing personnel, the state and national banker’s associations hold through- 
out the country many regional bank-management conferences to enable 
senior bank executives to meet and interchange information regarding 
successful methods and desirable improvements in practical bank opera- 
tions. 
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Development of Trade Associations 
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the industry and assisting tliosc in need. One clause read as follows: 

improve ourselves in the science of civil architecture and to stretch 
out the hand of charih’ to such of our members, their widows and chil- 
dren who, by the unforeseen dispensations of Providence, may stand in 
need of assistance.” 

A united front in presenting the views of industry to legislative and 
administrative bodies was one of the first benefits realized from the col- 
lective action of trade groups. Writing-paper manufacturers of Boston 
met in Ivlay, 1819, to draw up a petition to Congress for greater protection 
from foreign competition. A committee was appointed to invite the co- 
operation of paper manufacturers of other localities in presenting this 
petition to the Sixteenth Congress.''* The Writing Paper i^Ianufacturcrs^ 
Association, which was organized on February 13, 1861, liad as its object 
'Ho meet and deliberate on all subjects pertaining to its business.” This 
organization is still an active, aggressive agency, carrying on definite 
activities to promote the standards of the writing-paper industr^^ and to 
improve its service to the public. 

The histoiy of the Xational Association of Cotton ^Manufacturers, 
which was organized originally as the Hampden County (^Massachusetts) 
Mills Agents^ Association, in 1854, is typical of the growth of many 
national associations. In this instance, as in most others, the organiza- 
tion of a local trade association preceded tliat of a national association 
in the industry. 

The Silk Association of America, Incorporated (now the National 
Federation of Textiles, Incorporated), organized in 1872, the American 
Paper and Pulp Association, organized in 1878, the American Dental 
Trade Association, organized in 1882, and the National Paint, Oil, and 
Varnish Association, Incoi'porated (now the National Paint, Varnish, and 
Lacquer Association, Incorporated) , organized in 1890, are just a few of 
the many organizations formed during this early period that have con- 
tinued to carry on, in behalf of their respective industries, a program 
which has also been in the public interest. 

The formative period (1890 to 1910). The period from 1890 to the 
advent of the open-price arrangement, in 1911, has been referred to as 
the '"second stage” in the development of trade associations. Frequently, 
it also has been termed the "formative stage” of their development. 
Businessmen were desirous of adjusting their activities— that is, coordi- 
nating their promotion and sales policies — more intelligently and more 
accurately on the basis of the best technical practice and actual market 
conditions. 

The First World War decade. Between 1910 and 1920, particu- 
larly, is notable in the historj’' of trade associations because of outstand- 
ing developments in four phases of association work which are more fully 
described under activities. They relate to statistics, codes of ethics, 
standardization, and war-ser\dce activities. A number of associations 


’ See Development of Trade Associations, Trade Association Division, Chamber of 
Commerce of the United States (1938). 
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now active in preparedness matters had their origin in war-service com- 
mittees created during the First World War; in fact, about 56 per cent of 
the national and regional associations active today were organized after 
the War. 

The twenties. The decade from 1920 to 1930 was marked by several 
important legal entanglements, an extension of activities, and the wide- 
spread recognition of trade associations as an important factor in our 
economic life. 

The Chamber of Commerce of the United States, in 1923, conducted a 
referendum on trade-association activities. Government agencies, par- 
ticularly the Department of Commerce and the Federal Trade Commis- 
sion, extended their work with organizations as a means of increasing 
the efficiency of management and eliminating unfair methods of compe- 
tition. 

The thirties. During the decade from 1930 to 1940, trade associa- 
tions were confronted with three forces that challenged their ability and 
their versatility: the depression, the NIRA, and the attack upon business 
and business organizations Truly representative, properly organized, 
and ably directed associations were successful in counteracting the forces 
which threatened to weaken, if not to destroy, cooperative efforts by 
businessmen, with the result that these forces have ultimately strength- 
ened trade associations. 

Most trade associations operated with fewer members and less revenue 
during the depression A few organizations had created surplus funds 
which ser^^ed useful purposes during the early years of the depression. 
Generally, however, trade-association activities were reduced in^ scope 
or temporarily suspended, although the organizations remained intact 

National hnhistrial Recovery Act For over a quarter of a century, 
trade associations had been aggressive opponents of unfair competition. 
Thus, upon the enactment of the National Industrial Recovery Act and 
the Agricultural Adjustment Act, tlicse business organizations beciunc 
the energizing nucleus for the submission and administration of codes. 
Businessmen and business organizations devoted time and effort un- 


sparingly to aid the Government , 

The greatest stimulus to the trade-association movement since the 
First World War was given by the passage in June, 1933, of the National 
Industrial Recovery Act, according to the Division of Review of the 

National Recovery Administration.^ 

The NIRA, in its early months, relied upon trade assocmtions, not 
only to draft and present codes but also to administer them. However, 
this policy was later modified in favor of independent ngcncic;s 
by the indust rv at largo. There were 8S6 approved codes, including 
supplementary^ and divisional codes. Of tlicsc, 219 codes. 
cent of the total, provided that the entire code ^ 

or elected by, trade associations; 157 codes provided lha the prcsiren 
and/or the secretary of the code authority should le si c i 


.^fntenah Number *16 (Mnrtb, 103G). 
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the trade association; 169 codes required that the election of the code 
authority be supervised by trade associations; and 331 codes provided 
that a majority of the code authority should be from, or elected by, trade 
associations. 

Trade-association executives look upon the code period vith mi.xcd 
emotions. Viewing it objectively, it possessed both beneficial and harm- 
ful forces. In the initial stages, unusual benefits were anticipated. 
INIany men and organizations worked together more seriously and more 
extensively than ever before. Some of the harmful forces were: (1) trade 
associations were threatened to be supplanted or overshadowed by code 
authorities — a new type of Government regulatory agenejs (2) coopera- 
tive activities were limited to those approved bj' the Government as 
essential in carrying out the purposes of NIRA; and (3) the principle 
of voluntary membership was supplanted in manj’’ cases by that of 
compulsion. 

Postcode reorientation. Fortunately, a number of trade associations 
had continued their regular programs during the code period. Other 
organizations reinstituted association activities before the codes were 
annulled by the Supreme Court opinion of May, 1935. The postcode 
period was marked by appeals for voliintarj’’ action, as contrasted with 
threats of compulsion and the enunciation of “thou shalt” or "thou shalt 
not” included in innumerable code “edicts” or regulations. 

Efforts to increase the demand for products were evidenced in the many 
promotional programs of this period. Employee training again became 
an important activity of many organizations. 

Preparedness activities. New tasks confronted trade associations in 
the forties. The national-defense preparedness program launched by the 
Goveniinent in 1940 presented new opportunities for public sendee. 

The recent actions of trade associations in those industries directly 
affected bj' the movements toward military preparedness constitute 
another evidence of their flexibility, of their willingness, and of their 
ability to aid the Government and business. A number of organizations 
had for years been working with the Army and Navy upon production 
problems. 


Such contacts have been extended; in fact, more groups are working 
on more problems than at any time since the First World War. The 
National Defense Advisory Commission to the Council of National 
Defense has appointed to its staff “group” consultants and special com- 
imttees to deal with spccial problems affecting particular industries. For 
instance, in the petroleum industry, a technical committee is working on 
gasoline for airplanes and another on storage problems. A consultant 
tu rf ^D^i^ittee on trade-association contacts is working with 

the Bureau of Research and Statistics of the Commission. 

nr« ^ ^ committces, however, are appointed by and 

sponsi e 0 the Government, and not to any special business, labor, 
consumer, or other particular group. 

Much of the new work represents an extension or readjustment of 
established activities, with special reference to the defense situation. 
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It is still too early to envision all of the tasks which may engage the 
attention of trade associations. Publications of the Chamber of Com- 
merce of the United States have cited specific activities of organizations. 
It is sufficient to indicate here how associations have made available their 
knovdedge, their judgment, and their experience in such tasks as: 

(1) Selecting business leaders as consultants. 

(2) Disseminating information. 

(3) Ascertaining industry opinion and judgment, particularly with 
respect to sound managerial policies. 

(4) Identifying sources of information and dealing with special prob- 
lems with respect to materials, supplies, and equipment. 

(6) Surveying facilities and seiwices of industries. 

(6) Revising or preparing specifications and designs. 

(7) Establishing product standards. 

(8) Eliminating ^‘bottlenecks.” 

(9) Appraising and solving new employment problems, such as 
employee training, labor shortages, and so forth. 

(10) Balancing civilian and militar}^ requirements as a means of 
minimizing fluctuations or changes. 

(11) Watching and endeavoring to counteract forces that might affect 
prices unduly. 

(12) Cooperating with the Government in counteracting any forces 
that would retard the program or adversely and uuwarrantedly affect 
the public interest. 

In some fields, the number of firms which might furnish materials was 
extended. Contracts were negotiated and work initiated before all the 
factors, such as allowances for amortization, were loiown. 

Character, Scope, and Structure of Trade Associations 

Trade associations have developed as a part of our American economic 
system. Organized on democratic principles, they promote democracy; 
operated to increase the efficiency of management, they further our 
competitive capitalistic system. 

The complexity of our economic and industrial life is portrayed in the 
multiplicity of organizations representing various phases of American 
industry. Oiganizations exist which frequently are termed ^^trade asso- 
ciations,” yet they do not comply with the generally accepted definition 
of a trade association 

Trade associations representing a field of business should be dis- 
tinguished from the general business associations — commercial organiza- 
tions, such as chambers of commerce, boards of trade, and merchants^ 
exchanges; professional, technical, or strictly functional organizations. 

Definitions and descriptions. The Special Committee of the Cham- 
ber of Commerce of tlie United States, in its report on trade associations 
in 1923, defined trade associations as follows: 
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A trade association may be defined as an association formed in a 
field of industry or commerce \nth a membership so representative that 
all problems pertaining to this field can be adequately presented for 
common consideration and solution and with the purpose of developing 
this field so as to have the enterprises in it conducted with the greatest 
economy and efficiency. Other organizations with a membership which 
is less representative and other organizations with their attention limited 
to a portion of the problems in a field may be highly meritorious but 
they would not be properly described as trade associatioi^ and should 
use titles and other descnptions which will accurately indicate their 
character. 


Functional organizations. Organizations of a technical or specialized 
nature have been developed which are somewhat similar to trade asso- 
ciations. There are a number of functional organizations, the member- 
ship of which consists of business fiirms interested in a particular func- 
tional problem. Such members may represent very diversified industries. 
The American Standards Association, the Textile Color Card Association 
of the United States, Incorporated, and The National Board of Fire 
Underwriters are illustrations of the functional type of organization. 

Service organizations. Special sendee organizations also have been 
created within a single industry. Such groups are organized frequently 
on the same basis as a trade association but are authorized usually to 
carry on only one or a very limited number of activities. From the 
standpoint of organization structure, the^’’ are not different from trade 
associations, which carry on more diversified activities. Some associa- 
tions may be interested primarilj^ either in trade promotion, such as 
National Ice Advertising, Incorporated, or in the establishment of cer- 
tain standards, such as the Tire and Rim Association, Incorporated. 
Other associations deal only with credit matters, while a few are inter- 
ested only in foreign trade. There are 43 organizations operating under 
the Webb-Pomerene Act in connection with foreign-trade work for their 
respective industries. 

Technical groups within single industry. The technical and profes- 
sional individuals within certain industries have formed organizations to 
consider the special technical or professional matters confronting those 
engaged in the same industry. Illustrations of such organizations are 
the American Association of Textile Chemists and Colorists, the Society 
of Automotive Engineers, Incorporated, and the American Pulp and 
Paper IsliW Superintendents’ Association. These same individuals, of 
course, may also belong to the general national organization representa- 
tive of their entire profession, such as the American Chemical Society. 

In some fields, no separate independent agencies are organized; instead, 
special groups — such as accountants, production managers, technicians, 
and sales managers work through divisions of the trade association. 

^ Structure and operation. Voluntary membership. Most trade asso- 
ciations are representative of business,” in contrast witli most profes- 
sional organizations, wdiich are representative of the “individual.” The 
constitutions and bylaws of trade associations, therefore, provide for the 
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mettiborship of firms, corporations, or individuals, as well as organization 
memberships in so-called ^^federated'^ associations. 

In some cases, membership is divided into two classe^ active and 
associate. Tlie associate member is usually denied the right to vote and 
to hold office. Active membership is usually limited to persons, firms, 
or corporations engaged directly in the particular branch of a trade 
which the association aims to icpresent. The associate membership 
usually consists of the sellers or the buyers of the product manufaclured 
or handled by the active members. 

A few associations include as many as 8 oi* 10 types of membership 
Such organizations, however, usually provide for an affiliated organiza- 
tion membership, a corporation membership, and several types of indi- 
vidual membersliip representing technical groups within the industiy. 
Tlie so-called ^Tederatcer' associations have organizations as members. 
In some instances, the control of the national organization is in the hands 
of such affiliated organizations. In contrast with the fedciatcd organiza- 
tions, there exist direct-membership oiganizations, the individual firms 
or corporations of which hold direct membership in and pay diie'i directly 
to the national association. 

Co7itrol. The control of those oiganizations is vested in the meinber- 
sliip. In over 85 ]>er cent of the cases, each member is entitled to one 
vote only, irrespective of the amount of dues paid. Bylaws usually 
provide that the active management shall be vested in a board of direc- 
tors, which is elected by the membership and is truly representative of 
the different geographical legions or commodity section^, as well ns the 
large and small firms. Representative committees arc usually investi- 
gatory and advisory in character. 

In some associations, the amount of coiiiiiiittce work required is negli- 
gible, while in others, a verj’’ large amount of work is carried on through 
separate committees aided by a competent staff. Their iccommendation** 
arc made to the board of directois, which, if the subject is of widespread 
intere^t and special importance, may refer the matter to the entire mem- 
bership at an annual or special meeting. Through such procedures, tlic 
a.«;socialion acts as the ''tomi meeting^' of the induhiiw. 

Lcpcil forms. In the earlier ])Oiiod‘', conijiaiativcly few of the ast^ocia- 
Uons were incorporated. Today, slightly over 50 per cent of tiic national 
and regional associations are incorporated* As ns:^ocintiDns assumed 
legal responsibilities, entered into contract.^ — such as those for long-tcnn 
advertising programs — desired to hold real c.*=tatc, and so forth, the value 
of incorporation was recognized. 

In a few cases, separate corporations have been formed to carr\ on 
s^pecifzc activities, such as trade promotion. The experienced as-ociatiim 
executive docs not look with favor upon the development of ^cfiaratc and 
independent organizations created for the purpn^^c oi f nrr>’ing on ‘pacific 
activities, except under special circunistancrs. 

Division^. A number of a^^'^^ocintion^ have orermured dv. nr 

branches^, on two base.-: fir^t. territorially: and ^^oond, by typ^*^ 
or group represented. Such [dan*- oi orc.anjratien : v<rd *' 
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nesses of federated types of organization and, at the same time, permit 
consideration of problems by specific trade or regional groups. The 
National Electrical Manufacturers^ Association embodies approximately 
80 divisions, each representative of some line or product manufactured. 

The National Fertilizer Association has established 12 districts repre- 
senting geographical areas. Each division is represented on the board 
of directors. This is a common type of organization structure for a 
number of national associations. 

In a few instances, associations have provided for both geographical 
and commodity divisions, with a commodity division ndthin each geo- 
graphical division, wliich in turn considers problems similar to those 
before the national commodity division. 

Some associations have established branch offices in different sections 
of the country; others work in close cooperation with regional associations 
that may not be directly connected with the national association. 

Staff. The staff of a small association may consist of only a chief 
executive and a stenogi*apher. On the other hand, a few associations 
employ a staff of over 100 employees. Associations employ specialists 
in many lines, such as accountants, statisticians, engineers, scientists, 
educators, economists, writers, and lawyers. 

Financing. Associations are financed by business on a voluntary’’ and 
equitable basis. As indicated, trade associations are diversified in char- 
acter. The detailed plans whereby revenues are secured var^^ considcr- 
ablj", but certain common principles prevail. The Trade Association 
Division of the Chamber of Commerce of the United States issued, iii 
1937, a report entitled Financing a Trade Association. 

The basis of income from dues and the percentage of associations using 
each method, as indicated by recent suiweys, is as follows: 


Volume of business 38.8% 

Flat rate 26.7 

Unit of product 16.4 

Number of employees 4.3 

Capital investment 2.1 

Agency rating 1.8 

Payroll 1.4 

Other 8.2 


It should be noted that all of the methods, except uniform or flat rate, 
endeavor to distribute the cost of the association on the basis of the size 
of business. Thus, approximately 73 per cent of the associations use 
some method of distributing the cost on the basis of the amount or size 
of the business of its members. 

Budgets vary widely from a few hundred dollars to several hundred 
thousand dollars annually. The average annual budget of 1,166 national 
and regional trade associations, reporting to the Department of Com- 
merce in connection with its survey® for the Temporary National Eco- 


‘Peaive, C. A, Trade Association Swvcy, Department of Commerce, TNEC 
Monograph No. 18. 
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nomic Committee, was §48,000 for the year 1937-1938 On the other 
hand, one half of the group receive less than $15,000, and 20 per cent 
reooivc p, 500 or less. Only 14, or abont 1 per cent of the total nnX 
surveyed, receive $500,000 or over. 

Reports from 1,166 national and interstate trade associations indicated 
a total membership of approximately 550,000 and annual expenditures 
of about $70,000,000. Of the 795 national and regional associations in 
the mining, manufacturing, and construction industries, 309 reirorted 
an annual income of $20,000 or more 

An annual membership and income survey made by the United States 
Chamber of Commerce indicates that associations received more revenue 
and had a larger membership in 1939 than in any preceding year. 

Among practices and trends reported in association financing,' the 
loiiowing deserve mention: 


(1) A specific program of activities, incorporating an indication of 
their scope and the procedure to be adopted, should constitute the basis 
of a financial budget. 

(2) A well-developed and detailed budget of receipts and expenditures, 
with adequate accounting control, is essential to the sound financing of 
an association. 

(3) An increasing number of associations use functional, departmental, 
or project classifications, as well as classifications on the basis of accounts 

such as salaries, traveling, and so forth — ^in preparing budget proposals 
and in submitting financial reports. 

(4) Numerous associations emphasize the necessity for maintaining 
a reserve or surplus suflScient to carry on the association program for a 
period of from 6 months to 1 year. 

(5) In order that the association may be equitably financed, an in- 
creasing number of associations use, as a basis for dues, the size of a 
business, as evidenced in volume of sales, productive equipment, or 
number of employees. 

(fi) The major portion of the income of an association, in most cases, 
should be based on dues. Although it may be expedient or necessary 
to make separate charges for the operation of credit bureaus, collection, 
traffic, and similar services, it is neither practical nor sound organization 
policy to make every association activity independently self-supporting 

(7) Raising the major portion of the budget by indirect means — such 

publishing magazines, holding expositions, and establishing featured 
service arrangements on a fee basis — may tend to suboi’dinate general 
activities and impair the carrying out of a rounded association program. 

Number of associations. Today, practically every industry or trade 
is organized into a local, regional, or national association, and a few of 
d^e associations are international in character. It has been estimated 
'hat there exist some 1,500 national, international, and interstate organi- 
sations, about the same number of state organizations, and about 4,500 
trade associations 

It is estimated that 65 per cent of the 1,500 national and interstate 
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trade associations represent manufacturing, mining, and construction; 
11 per cent, u-holesaling, and 6 per cent, retailing. 

The TNEC surve}'® reports that 1,313 national and regional associa- 
tions are representative of the following business fields: 

Fishing industry 

Mining, manufacturing, and construction 

Wholesale trades 

Retail trades 

Finance and real estate 

Insuiance 

Transportation, communication, and other public utilities . . 69 

Personal business, recreational, and service trades o5 

On the other hand, of the total of 7,500 trade associations, it is esti- 
mated that they represent business groups about as follows: 

Manufacturing . . - .... 2,000 

Wholesaling . .... 600 

Retailing .... . ... 2,900 

Business service 2,000 

The number of associations within particular industries or lines of 
business may run into the hundreds The National Association of Retail 
Grocers is a federated type of organization representing approximately 
43,000 individual retailers who hold membership in over 600 local organi- 
zations and about 36 state retail-grocer associations. Each individual 
member of the National Association must first join his local association, 
which in turn affiliates with the state association, which is represented 
in the National Association. There are over 300 national organizations 
representative of different phases of the construction industry. 

Trade-Association Activities 

Acthfities of trade associations are numerous in scope and varied in 
character. A classification of association activities, as developed in 1938 
by the Trade Association Division of the Chamber of Commerce of the 
United States, in cooperation with trade-association executives, shows 
30 activities that may be carried on by trade associations. This clas- 
sification^ also includes about 200 subheadings showing a logical sub- 
division of the 30 activities of a general character. 

The Department of Commerce, in its survey of trade associations for 
the Temporary National Economic Committee, used rather broad general 
subject headings, as follows; (1) Production and Purchasing; (2) Mar- 
keting; (3) Trade Promotion; (4) Trade Practices; (51 Trade Informa- 
tion, (6) Employer-Employee Relations; (7) Government Relations; 
and (8) IMisrellaneons. ^ Each of these headings was subdivided; for 
instance, the^ classification of Production and Purchasing covered, 
(a) Standardization and simplification; (h) Establishment of quality 

W copy may be secured from the Trade Association Division, Chamber of Com- 
merce of the United Statc«? 
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standards; (c) Registration of patents, trade-marks, designs, and styles; 
id) Patent cross-licensing or pooling; (e) Used-machinery exchange; 
(/) Operations of research laboratory; (g) Other forms of technical 
research; (/O Cooperative buying; and (0 Technical advisory services. 

Activities carried on by the largest numbci' of associations are: gov- 
ernment relations, trade promotion, standardization and simplification, 
conventions, trade practices, trade statistics, employer-employee rela- 
tions, miscellancons services, technical research, and public relations 
Government relations is an activity carried on by over 80 per cent of 
the associations and outranks all others in terms of frequency of occur- 
rence. 

Functions of associations. The function of a trade association may 
be to determine policies, to promote specific activities, and to render 
specific services. The organization may consider economic problems, 
ascertain the opinion of the industry, and develop a definite policy 
relating thereto. A program may be adopted relative to legislation or 
public relations involving the development of trade customs or codes of 
business practice. 

After a policy has been developed or an educational program outlined, 
the association may then become a motivating agency, carrjdng the 
policy to the members of the industry and, in general, conducting those 
activities 'v\diich are aimed to assist in the execution of particular policies 

Apart from the work of developing or formulating policies or promoting 
activities, an association may render certain specific services. Wiuh 
many of the activities are of a service character, the experience of trade 
associations would seem to indicate that a group which is only a servdcc 
organization does not fully represent the industry in the consideration 
of all of its problems. 

Functions of business management. The functions of business man- 
agement are frequently divided as follows: (1) production; (2) market- 
ing; (3) personnel; (4) finance; and (5) administration. The trade 
association with a comprehensive jirogram is in a position to aid man- 
^igement in solving many of the common problems arising within tlmsc 
five groups tliat arc susceptible of group effort. Obviously, the associa- 
tion cannot be charged with the responsibility of business mnnngemcnl 
itself. In other words, the trade association is not an agency to keep in 
busincvss those who arc inefficient, unprogrc'^sive, unskilled, or untrained; 

is it an agency that endeavors to keep in busine.ss those who dc«;5re 
fo get more than they give or tliose v;ho preach business ideals but 
practice unfair methods of competition. On the other hand, the trade 
association with a compiehcnsivc progiam may aid in meeting i>rartjca!l5' 
every business problem, whether it be untrained employees, credit losses, 
unknown costs, surplus stocks, wages, production or distribufion. un- 
economic competitive practices, or lack of siandaids. 

The chart on page 952 indicates how association uclivitics arc cor- 
3‘ela(ed to the functions of business management 
Trade promotion. Competition is interindustry as well as intnundus- 
Consumer demand for a class of products or service is a prerequisite 
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to the acceptance of a particular article or service in that field. Thus 
people must be made conscious of the desirability of building a home 
before they select the particular items that constitute the materials in 
a house; they must be automobile-conscious before they select a particu- 
lar make of car. The development of consumer desire for a general class 
of products is appropriately a cooperative job, Avhich may be carried on 
more economically through a trade association than by the individual 
and uncorrclatcd efiorts of each unit in the industry. Such are some of 
the principles and conditions which have motivated businessmen to 
cooperatively in extensive trade-promotion programs. 

Of 1,244 national and regional trade associations reporting, 876, or 
70 per cent, reported that they were engaged in some form of trade 
promotion during the period 1938-1939 Of the total number, 619, or 
approximately 50 per cent, reported a major emphasis on trade promotion. 

Trade-promotion jirograms may involve a variety of separate activi- 
ties. The var 3 nng characteristics of different industries make it impos- 
sible to catalogue in advance any complete list of activities which should 
be incorporated in a comprehensive trade-promotion program. 

Among some of the activities which have been carried on as phases of 
a Well-rounded promotional program are: (1) technical and scientific 
research; (2) market research; (3) advertising and publicity; (4) field 
service; (5) employee training. 

Technical and scientific research. New uses for products and new 
iind better products may be developed through technical or scientific 
research. Increased knowledge concerning the character of the product, 
its serviceability and performance, may aid in extending its work. 

Some trade associations maintain their own laboratories. Thej’’ 
cooperate with educational and Governmental agencies in conducting 
special research projects. In some cases, a technical-research committee 
of the association outlines a series of research projects, different phases 
of which are carried on in the research laboratories of the individual 
companies. The natui'e of the investigations covers a wide range, involv- 
ing consideration of microscopical, bacteriological, chemical, thermologi- 
cal, metallurgical, toxicological, and other research The commodities 
range from animal and vegetable products to oil, machinery, and 


chemicals. , , ; 

Nearly 44 per cent (542 out of 1,244 reporting) of the national and 
regional associations were engaged in some form of technical research 
or advisory ser\dces during the period 1938-1939. 

Market research. The analysis of existing potential markets and a 
study of the channels of distribution enable the industry, not only to do 
a better distributive job, but also to expand its promotional m 

those areas or among those classes of customers m which there exists the 
grejitest possibility of market promotion. rpfer- 

Market research may also involve an analysis o establish- 

ence to styles, si.es, designs, colors, or grades as 
ment of dimensional and qualitative standards . oidina the 

cases by certification, labeling, or grading as a means of aiding the 
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purchaser. It may also relate to an analysis of unprofitable customers, 
items, territories, and merchandising practices. 

Advcrtismg and 'publicity, ''Say It With Flowers/' "Save the Surface 
and You Save All," and "Trade-Marked— Grade-Marked Lumber" are 
slogans Icnovm by thousands today because of cooperative promotional 
efforts. Associations use practically all advertising and publicity media, 
inasmuch as each association program must be custom-built. There is 
considerable diversification in the advertising and publicity program of 
different associations. In some instances, national advertising matter 
is utilized, whereas in other instances a national program may involve 
very largely local advertising and promotional -work. 

Field service. Associations have employed trained engineers, dieti- 
cians, and other specialists to acquaint useis with the values and techni- 
cal uses of their products. Field men employed by construction and 
material industries may contact architects, engineers, and contractors; 
whereas dieticians and home economists ma}^ contact the teachers of home 
economics and various women’s organizations. In other cases, general 
as well as technical field-promotional work is considered part of the 
trade-promotion program. 

Standardization and simplification. The field of standardization is 
one which is engaging the attention of more and more trade associations. 
But it is not a new activity. One organization, the Manufacturers 
Standardization Society of the Valve and Fittings Industry, was formed 
more than 30 years ago with this purpose expressly in view. This exem- 
plifies the interest which trade associations have taken in dimensional 
standards. They have cooperated with the Bureau of Standards since 
its inception, in 1901. The bureau has the help of associations in decid- 
ing on commercial standards common to more than one indust^3^ A 
number of associations maintain fellowships there to further their work 
in this line. They have long cooperated in establishing simplified prac- 
tice recommendations, determining the one fifth in sizes that constitutes 
four fifths of the sales. 

In the association field there are two groups devoting their efforts 
exclusively to the broad field of standardization, tlie American Society 
for Testing Materials and the American Standards Association. The 
former has for its purpose “the promotion of knowledge of the materials 
of engineering, and the standardization and the methods of testing." The 
latter, originally called the “American Engineering Standards Commit- 
tee," acts as a clearing house for standardization work being done in the 
United States and elsewhere, promotes standardization, and prevents 
duplication of effort. 

Besides dimensional standards, trade associations have interested 
themselves in quality standards, the characteristics of a product that fit 
it for a given use The associations afiiliated with the National Liimbci 
Manufacturers Association have established standards for lumber based 
on freedom from defects; members mark each piece with the correct grade 
or send a certification along with carload lots. The American Gas Asso- 
ciation has set up specifications for gas appliances which manxifacturci- 
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are required to meet before the product can carry the Association seal of 
approval; maintenance of standards is assured by examinations in the 
A.G.A. Testing Laboratories. 

Standards for consumer goods are receiving increasingly more atten- 
tion from trade associations. In such matters as the truth-in-labeling 
legislation^ it is usually the trade association that counsels with the 
Government and other agencies in formulating sound and practical 
policies. The American Standards Association has an Advisory Com- 
mittee on Ultimate Consumer Goods; representative of consumer and 
business groups, to study the many problems facing the establishment of 
satisfactory standards. 

Through cooperation with educational institutions and private labora- 
tories, as well as through work in tlicir own organizations, trade asso- 
ciations liave done much to establish standards that guarantee size or 
performance and reduce dissatisfaction and return of goods. They have 
fostered simplification of sizes, which decreases the number of inventory 
items and facilitates the production of stock during slow periods, thus 
reducing the cost of production and distribution. 

Statistics. The compiling, analyzing, and disseminating of statistics 
are activities that may relate to all of the problems of business manage- 
ment; for instance, statistics may relate to production, sales, employment, 
and costs. Trade-association production and sales information include 
statistics^ on such subjects as new orders, unfilled orders, cancelations, 
sales, shipments, production, inventories, and capacity. Such statistics: 

(1) Show the relative position of each industry to all industry. 

(2) Enable each concern to ascertain its relative position within the 
industry. 

(3) Aid the individual concern in the industry in stabilizing produc- 
tion and employment. 

(4) Aid the industry in stabilizing earnings. 

(5) Identify centers of demand and purchasing power. 

The above-mentioned types of statistics are discussed in detail in a 
publication of the Trade Association Division of the Chamber of Com- 
merce of the United States entitled Use of Trade Association Statistics in 
Ma^nifacturing (1937). A somewhat similar pamphlet, published under 
the same auspices, Use of Trade Association Statistics in Retailing 
(1939), discusses how retaii-trade-association statistics can be used as 
guides to profitable retailing. • 

Statistics form the basis for important phases of other trade-association 
Work, such as public relations and presentation of economic briefs in con- 
nection witli matters arising before legislative or administrative agencies 
of the Government, Statistics represent one of the oldest and most 
widely conducted activities of trade associations. At the organizatmn 
meeting of the National Association of Wool jNlanufacturers, in 
reference was made to the need for collecting information concerning the 
industry. 
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The name '^open-price association” was originated by Arthur Jerome 
Eddj^ a Chicago lawj’cr, who, in 1912, published The N^ew Covi'petition. 

At the request of the Joint Commission of Agricultural Inquiry of Con- 
gress, under date of July 16, 1921, the Federal Trade Commission under- 
took a special investigation concerning the activities of trade associations. 
The report® indicated that 150 out of 1,515 associations replying were 
distributing or exchanging price information. 

The Brookings Institution, in 1936, made a sun^ey of some of the eco- 
nomic issues involved in open-price work and set foiih the general sub- 
jects of public policy involved in the organization of open-price plans.^ 
The Trade Association Survey for the Temporary National Economic 
Committee also discusses this subject. The report indicates that the 
functions of trade associations, with reference to association statistics, 
might include, in the first place, the establishment of standards for the 
dissemination of trade-association statistics to interested parties in the 
trade other than participants in the reporting plan — whether competitors, 
customers, or suppliers. A rather extensive discussion is included with 
respect to statistical work of trade associations and some of the major 
problems arising in connection therewith. 

Reference to some of the legal cases involving trade associations, dis- 
cussed later in this chapter, indicates some of the problems involved with 
respect to this type of activity. In general, however, it may be said 
that, through the years, trade associations have extended their statistical 
activities in character and scope. This work has been increasingly bene- 
ficial to management in solving the internal problems, as well as m 
dealing with Governmental and public problems. 

Accounting. The elimination of waste, the curtailment of ineffi- 
ciencies, and the establishment of fair competitive practices represent the 
objectives of trade associations in promoting sound accounting and cost- 
finding principles. 

The uniform cost movement among members of trade associations dates 
back almost to the beginning of the present century; for instance, in 1906, 
the printers set up a committee to study the question of cost finding. In 
1917, the Chamber of Commerce of the United States commended the 
Federal Trade Commission for its efforts to bring about universal recogni- 
tion of uniform systems of accounting. The chamber has published 
materiaU® to assist those interested in this phase of work. 

Wholesale, letail, and service organizations have conducted extensive 
cost studies. The National Retail Dry Goods Association conducts an 
annual cost study in cooperation with the Harvard Bureau of Business 
Research. A number of organizations cooperated with the Department 
of Commerce in cost studies in the jewelry, groceiy, and drug fields. 


Open-Pnee Trade Associations, United States Senate Document No. 226, 70th 
Congress. 2nd Session (1929). 

The Economics of Open Price Systems, Institute of Economics of the Brookings 
Institution (1936). 

Uniform Accounting Activities of Trade Associations, Chamber of Commerce of 
the United States. 
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It is estimated that approximately 50 per cent of all national associa- 
tions are engaged in some phase of accounting or cost-finding vcoxk. 

Employer-employee relations. Employee training. The mainte- 
nance and development of the ‘^arts” of the industry constituted a puipose 
of some of the earliest organizations. From the promotion of craftsman- 
ship to the training of the engineering and other professional groups 
represents the broad range of employee training fostered by trade groups. 
In fact, such organizations maintain their oxvn schools; they cooperate 
with educational institutions; they prepare textbooks; and they aid the 
individual members of the industry in conducting “in-plant^^ training. 
The American Institute of Baking, the American Institute of Laundering, 
and the National Association of D3’’ers and Cleaners of the United States 
and Canada own and operate their own schools. The American Bankers 
Association has enrolled, through its affiliated and cooperating organiza- 
tions, over 40,000 students. 

Considerable materiaP^ has been published on this and related phases 
of association work which undoubtedly will become increasingly impor- 
tant as the defense program develops. 

Safety criid welfare. Economic and social losses are reduced through 
safety and welfare activities of associations. Not only promoted are 
campaigns wuthin the industry, but such organizations also cooperate 
with Governmental agencies in efforts to reduce accidents and maintain 
healthy employment conditions. Associations in the coal, cement, and 
meat-packing industries have for years conducted safety campaigns. 

Collective bargaining. National associations furnish information con- 
cerning collective bargaining. They survey employment conditions 
throughout the country. But almost without exception, such national 
organizations are not agencies for collective-bargaining purposes. 

Locally, the trade group may assume the functions of collective bar- 
gaining. On the other hand, many activities may be handled by a local 
employers^ organization set up for such purposes. 

Surveys V7for)national services. During the past decade, new phases 
of the employer-emploj^ee problem have been undertaken trade asso- 
ciations. Studies of employment conditions covering wage rates, hours 
of employment, and so forth have been made, not onij’' as a direct aid 
to management, but also in connection with numerous Governmental 
matters involved in administration of the NIRA, the T\^alsh-Healcy 
Act, and the Fair Labor Standards Act. 

During the period 1938-1939, service in tlie general field of employee 
relations ranked fourth among the activities of national and regional 
associations and seventh among the major activities of tlieso associations; 
in fact, 61 per cent render one or more types of employer-employee 
service. 

Trade relations. The promotion of higher standards of competitive 
conduct has been a continuing activity of trade associations The bj- 


Employee Training Activities of Trade Associations and Employ er-Employcc 
Relation Activities of Trade Associations, Chamber of Commerce of the United 
States. 
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laws of associations organized prior to 1900 included such objectives. 
With the years, emphasis has been placed upon different methods to 
attain such purposes. During the early part of the decade 1910 to 1920, 
hundreds of trade associations and professional and technical organiza- 
tions adopted codes of business ethics. This new philosophy was re-^ 
fleeted in the truth-in-advertising movement, in the passage of the Federal 
Trade Commission Act, and in the organization of seiwice clubs, many of 
which also included as one of their objectives the furtherance of equitable 
standards of business conduct. A code of business standards was 
adopted and extensively distributed by the Chamber of Commerce of 
the United States in 1924. 

The Federal Trade Commission, in 1917, began to hold trade-practice 
submittals, or, as they are now called, trade-practice conferences. This 
movement reached its peak in the latter part of the twenties. In fact, 
during the period 1928 to 1930, over 100 industries held trade-practice 
conferences under the auspices of the Federal Trade Commission. 

The next great movement, from 1933 to 1935, was in connection with 
the submission of NIRA codes. Since then, some trade associations 
have reaffirmed the code of ethics adopted over a quarter of a centur}" 
ago. In the 4 years following the demise of the NIRA, trade-practice- 
conference rules were promulgated for 39 industries. In some fields, 
emphasis has been placed upon new legislation, such as the state fair- 
trade and unfair-practices acts and the more recent Federal legislation, 
the Robinson-Patman Act, prohibiting price discrimination as a means 
of establishing better standards of business conduct. 

In many general as well as specific ways, tra(ie associations have en- 
deavored to eliminate unfair and wasteful practices and to secure the 
adoption of business standards that are fair to competitors, to buyers, 
and to sellers. 

Government relations. Relations with the Government represents 
one of the most common activities of trade associations. It is estimated 
that over 80 per cent of the associations engage in activities in which 
government — Federal, state, or local — is involved. 

The activities cover a wide range. They pertain to matters of legisla- 
tion involving all business and specific fields of business. Taxation and 
tariff, as well as special model laws, receive the attention of trade groups. 
Trade associations are dealing more and more with administrative and 
quasijudicial agencies of government. Briefs are submitted and wit- 
nesses arc secured to present the point of ^iew of business with respect 
to proposed Government regulations by the increasing number of regula- 
tory bodies. 

!More and more trade associations are requested to furnish informa- 
tion which may be helpful to Government agencies. Associations also 
cooperate in connection with research projects, educational programs, 
and a wide variety of matters not of a regulatory character. 

Public relations. Public relations, as a tradc-as‘=^ociation activity, is 
selling the industiy% the business or the institution, but not the product. 
It takes many forms. Publicity concerning the activities of the associa- 
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tion or industry is a common form of public relations. A research pro- 
gram that has developed a new use or a by-product interests the public. 
A fellowship aw^arded for study in a selected field generally is of interest 
to the public and to industry. The announcement of a safety contest or 
seeing a film on safety at a social meeting makes the layman appreciate 
the concern of the companies in the welfare of the employees. Reports 
of savings through standardization and simplification programs find a 
receptive audience. The association code of ethics arouses greater lespect 
for the members. Facts about tlie industry in advertisements and leaf- 
lets, and the ready availability of more information, are among the best 
means associations use for gaining popular support and good will. 

Proper public relations do not merely explain and expound business 
conduct in order to produce a favorable reaction by the public but also 
guide the members in the proper performance of their activities; that is, 
a good public-relations program anticipates the ammunition that will be 
used against the industiy. Are employee relation^^ unsatisfactoiy? If 
so, improve them. — ^Are farmers led to believe that industry gouges them? 
Give them the facts. 


The problem of public relations is not limited simply to llie general 
public but rather to all affected by the industry, directly or indirectly — 
employees, stockholders, biiyeis, customers, and transporters, or those 
serving these groups. 

Associations representing the railroads, the automobile manufacturers, 
the bankers, the insurance companies, and many other fields of business 
have developed rather extensive jiublic-relations piograms. S^cct FcictS) 
Axitomobile FactSj and Bits Facf.s, are illustrations of a few asrsociation 
publications issued as part of such efforts. Such material is made avail- 
able to newspapers, to educators, to public officials, to community lead- 
ers, and to others active in molding public opinion. Plant '^open-hoiHC 
days arc encouraged by trade associations as another practical and 
realistic way in which the public may see the actual operations of busi- 
ness and the conditions under which employees work. 

The Chamber of Commerce of the United Stales f^upports programs of 
industry public relations by giving intimate glimpses of the mannci m 
which industry meets and solves its problems. Through advcrtiscmonts, 
it brings before the people factors in empharizing industry b side of the 


picture on questions of tlic day. ... „ 

Other activities. To this list of four family reluiions —nnmcb, 
employer-employee relations, trade relations, Government relations, and 
public Tdations— others might be added, sucli as customer relations, 


dealer relations, and buyer relations. 

As prcviousl}’’ indicated, trade associations carp ou main t 
ties. Conventions or meetings con.«titiitc 
ganizalion work, whether attended by the members o 
or by several thousand people. In cither •* J[ jJ, j- 

mna be made if the meeting, conference, or coineiition is to In of rt.)l 


help to the industry. 
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Trade journals, business papers, and numerous boolcs^- include de- 
scriptions of the many varied activities. 

Public Policy and Legal Aspects of Trade Associations 

To eliminate certain abuses, enactment of types of statutory restric- 
tion vras deemed necessary. In order that these prohibitions might be 
made coextensive with the large-scale enterprise and national markets 
that were being aggressively developed, Federal action was deemed in- 
dispensable. The Interstate Commerce Act, which related onlj^ to com- 
mon carriers, was passed in 1887; and between 1887 and 1897, 20 states 
had enacted laws prohibiting restraint of trade and monopolistic combi- 
nations under severe penalties. 

As it has well been said: 

Democracy, in industry' as well as in government, is the American 
ideal. Our laws regulating the conduct of business have all been for- 
mulated to protect the individual trader, to encourage initiative, to 
preserve opportunity, and to maintain for the public the great political, 
social, and economic benefits which flow from a competitive system of 
indust Two rules of competition of great economic importance have 
been written into our statute books. The one prohibits all imreason- 
able restraints of trade. The other, supplementing the first, makes 
unlawful the use of unfair methods of competition. These two prohibi- 
tions, while modified and amplified by other statutes, embody the spirit 
and purpose of the federal regulation of business. 

The Sherman Antitrust Act. In 1890, Congress passed the Sher- 
man Antitrust Act. The first two sections of this act read as follows: 

Sec. 1. Every contract, combination in the form of trust or other- 
wise, or conspiracj’', in restraint of trade or commerce among the several 
States, or with foreign nations, is hereby declared to be illegal. Every 
person who shall m^e any such contract or engage in any such com- 
bination or conspiracy, shall be deemed guilt}’’ of a misdemeanor, and, 
on conviction thereof, shall be punished bj- fine, not exceeding five 
thousand dollars, or by imprisonment, not exceeding one year, or by 
both said punishments, in the discretion of the court. 

Sec. 2. Every- person who shall monopolize, or attempt to monopo- 
lize, or combine or conspire \rith any other person or persons, to mo- 
nopolize any part of the trade or commerce among the several States, 
or with foreign nations, shall be deemed guilt}^ of a misdemeanor, and, 
on comnetion thereof, shall be punished by fine not exceeding five thou- 
sand dollars, or by imprisonment not exceeding one j^ear, or b}" both 
said punishinents, in the discretion of the court. 

Although the Sherman Act was originally designed to prevent the sup- 
pression of competition through a combination and consolidation, the 
restraining sections apply equally to trade associations. The statute 
does not deal specifically with trade associations as distinct from other 
forms of business organization. The language of tlie statute and the 
court decisions indicate, however, that the form of organization or the 
methods used to suppress competition are immaterial. 

“See Bibliography on trade associations of the Trade Association Divisiooi 
Chamber of Commerce of the United States. 
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‘‘Rule of reason.’^ As clearly indicated, the definition of the meaning 
of provisions of the Sherman Law was left to the court. In the earlier 
decisions under the Sherman Act, the Supreme Court was supposed to 
construe literally that every contract, combination, or conspiracy m 
restraint of trade was illegal. The Supreme Court, in its decision m the 
Standard Oil and the American Tobacco cases, in 1911, established what 
has been termed ‘‘the rule of reason.^^ These decisions established the 
doctrine that only undue or unreasonable restraints of trade or monopo- 
listic combinations were to be prohibited. 

Clair Wilcox in, Competition and Mo72opoly in American Industry (a 
TNEC monograph) , says that trade organization, in the twentieth cen- 
tury, took its initial impetus from the enunciation of the rule of reason 
and from The New Competition, by Arthur Jerome Eddy. 

Antitrust legislation of 1914. \\^iat constitutes unfair competition as 
between competitors was placed before the courts in the early part of 
this century. About the year 1900, a manufacturer of washboards made 
an exclusive contract with the sole manufacturer of aluminum, so that 
he became the only manufacturer of aluminum-faced washboards. Soon 
he found another manufacturer placing a zinc washboard on the market 
and marking it “aluminum.” He sought an injunction to prevent such 
a practice. The Circuit Court of Appeals denied the right to injunctive 
relief in an opinion worded as follows: 


Many articles are now being put on the market under the name of 
aluminum, because of the attractive qualities of that metal, which are 
not made of pure aluminum, yet they answer the purpose for which 
they are made and are useful. Can it be that the courts have the power 
to suppress such trade at the instance of others starting m the same 
business who use only pure aluminum? . . . We find no authority in 
the books, and are clear in the opinion that, if the doctrine is to be thus 
extended, and all persons compelled to deal solely in goods that are 
exactly what they are represented to bo, the remedy must come from 
the Legislature and not from the courts. 


This opinion, in effect, announced the rule that, irrespective of the 
fraud and deceit practiced by the defendant on the purchasing public and 
of the incidental injury suffered by an honest competitor, a court of 
equity was powerless to grant relief, as the act complained of was not 
directed against a specific competitor whose injury was merel}^ incidental 
Observe, however, that the Court took pains to point out that the 
remedy must come from the Legislature,” thus placing upon t e au- 
making power the responsibility for protecting the purchasing public and 
the honest competitor against injury through fraud and deceit. 

In undertaking to discharge that responsibility, Congress, some 14 
years later, enacted the statute creating the -Federal Ti ade Commnaon, 
vesting it with power designed to suppress unfair methods of competi- 
tion. Section 5 of the Federal Trade Commission Act reads m part as 


follows: 

That unfair methods of competition in commerce are hereby de- 
Commission is hereby empowered and directed to prevent 
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persons, partnership-, or corporations, except banks and connnon car- 
riers subject to the acts to regulate commerce, from using unfair meth- 
ods of competition in commerce 

This act also created the Federal Trade Commission, the powers of 
which relate to investigation, publicit}", and assistance to the Court, as 
well as to prevention of unfair methods of competition. 

The Clayton Act. Congress, also in 1914, passed tlie Clayton Act, 
Section 2 of which reads as follows: 

That is shall be unlawful for any person engaged in commerce, in 
the course of -uch commerce, either directly or indirectly, to discriminate 
in price between different purcliasers of commodities, which commo- 
dities are -old for use, consumption, or resale 'v\nthin the United States 
or any Territory thereof or the Distnct of Columbia, or any insular 
posse^^ion, or other place under the jurisdiction of the United States, 
where the effect of such discrimination ma}^ be to substantially lessen 
competition or tend to create a monopoly in any line of commerce: 
Provided, That nothmg herein contained shah prevent discrimination 
m pnee between purchasers of commodities on account of differences 
in the grade, quality, or quantity of the conmiodity sold, or that makes 
only due allowance for difference in the co-t of scllmg or transportation, 
or chscrimination in pnee in the same or different communities made in 
good faith to meet competition: And provided further. That nothing 
herein contained shall prevent persons engaged in selling goods, wares, 
or merchandise in commerce from selecting their own customers in bona 
fide transactions and not in restraint of trade. 

As indicated, the purpose of this act was to prohibit those trade prac- 
tices which Congress felt were not, singh^ and of themselves, covered by 
the existing antitrust acts, with the idea of arresting in their incipicncy 
the creation of monopolies or unreasonable restraint of trade. In other 
words, the Cla^i;on Act is directed at tlie potential evils. The act legal- 
izes certain activities of farmer and labor organizations. 

Additional legislation. The Shipping Act of 1916 and the Webb- 
Pomcrenc Act of 1918, as well as the Tran^^portation Act of 1920 and 
the Jlerchant INIarine Act of 1920, added certain exceptions to the Sher- 
man Act. So did also the Tsational Industrial Recoveiy Act of 1933 and 
the ililler-Tydings Act of 1937, which legalizes contracts in interstate 
commerce made under any of the 44 state fair-trade acts legalizing con- 
tracts between manufacturers or producers of identified goods and their 
distribution in a state, establishing the minimum resale prices or, in 
some cases, actual prices of such goods. - 

The antidiscrimination statutes enacted in 28 states also represent 
recent efiorts to remedy allegedly unfair competitive practices through 
state legislation. 

Court decisions, hile it is impossible to refer in this general presen- 
tation to all of the court decisions direct]}” afTecting trade associations, 
a few citations are included to illustrate major developments. 

Maple Fiooruig Manvfacturcr.<i' case. The ^laplc Flooring Manufne- 
ture rc^^^ ea gp, decided in 1925, is particularly significant from the stand- 

‘ Floormrj Manufaciu^tW Association, ct ah v. United States, 2CS U. 

<l02o). 
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point of activities that may be carried on by trade associations. In 
this case, the decision rends in part as follows: 


We decide only that trade as^^ocialions or combinations of persons 
or corporjitions which openly and fairly gather and disseminate in- 
formation as to the cost of their products, the volume of production, 
the actual price winch the product has brought in past transactions, 
slocks of merchandi'^c on hand, approximate cost of transportation from 
the principal point of shipment to the points of consumption, ns did 
these defendants and uho, as they did, meet and discuss such informa- 
tion and stati'^tic^ without however reaching or attempting to reach 
any agreement or any concerted notion with respect to prices or 
production or restraining competition, do not thereby engage in unlaw- 
ful restraint of commerce. 


Sugar Institufc rase.’"* The Sugar Institute ease, instituted by the 
Government in 1931 and decided by the Supreme Court on March 30, 
1936, involved n largo number of issues. Inasmuch as statistics consti- 
tute one of the most important activities of associations and one of the 
actirities which frequently lias been an issue in court eases, reference 
here is confined to this phase of the association program in this ease. 
After the Linseed*^'* decision, many eminent lawyers were of the opinion 
that opDn-])rice filing was permissible wlicn limited to past or current 
transactions. Officials of tlie Department of Justice contend that the 
Sugar Institute opinion plare.^^ the emphasis the unlawful agreement” 
and not on the form of statistical activity. It was the agreement to 
adhere to announced prices which was condemned in this ease, in which 
Chief Justice Hughes says: 


Defendants* argument on this point is a forceful one, but we need 
not follow it llirough in detail. For the question, as we have seen, is 
not renlJv with respect to tlie practice of making price announcements 
in advance of sales, but as to the defendants* requirement of adherence 
to such announcements without the deviations which open and fair 
competition might require or justify. 

Tile case also dealt with the question of publication of statistics dis- 
tributed by the association. The Court concluded that the purchasing 
and distributing trade has a legitimate interest in "vital data_ relating 
to production and deliveries. However, “by collecting and circulating 
among themselves that information, defendants obtained an unfair ad- 
vantage with respect to purchasers and effected an unreasonable re- 
straint.” (},(, Court said: 


But it docs not follow that the Pyrc^’/snig and distr but^i g trade 
has such an interest in every detail of ‘ “iLfon to 

ceived by the Institute. Information may be 
the afTairs of refiners which /'Shtly be tre.ated . - • It 

fidcntial ciiarnctcr and in whicli distributors and p 
proper interest. 


"•''tienr fnHituir, I»r., cl ol.. i'. Unllt'd Slates, 207 U S .553 g qj qq^ 

” Umtfrf States v. American Linseed Od Co, ct al, 2G2 U. S .31 , 13 feup. ot. 
(1923). 
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Recent legal actions. Up to April 29, 1940, the Department of Jus- 
tice had brought 540 cases to enforce the antitrust laws; 129 of these, 
however, were instituted from 1932 to 1940. From 1914 to 1923, 18 
lawyers were engaged in the Government's antitrust work; in fact, in 
1933, only 18 attorneys were so employed, wdiereas in 1940, the legal 
staff included approximately 175 attorneys. 

Recent actions taken by the Department of Justice, according to the 
Assistant Attorne}^ General, have clarified the antitrust laws by securing 
Court opinions which bring within the law professional organizations, 
labor organizations, and those handling agricultural products. On the 
contrarj^, it is pointed out that, of the scores of cases recently initiated, 
the Supreme Court has not rendered an opinion in an important case. 
Thus associations have not received any new judicial guideposts. 

Trade associations, professional organizations, labor imions, indhddu- 
als, and corporations have been indicted under proceedings initiated by 
the Department of Justice. A number of consent decrees have 'been 
entered involving associations in such fields as paper containers, lumber, 
tile, and local contracting. TMiilc these decrees do not constitute a 
judicial pronouncement, reference may be made to such prohibitions as: 

(1) Limiting production to predetermined quotas. 

(2) Formulating or taking part in any plan for the prorationing of 
business, or the equable sharing of business, the purpose or effect of which 
is to limit production. 

(3) Determining the volume of business of manufacturers for the 
purpose of establishing quotas. 

(4) Collecting or comparing data respecting production, sales, orders, 
shipments, or deliveries for the purpose of determining whether manu- 
facturers have adhered to or are adhering to quotas. 

(5) Distributing production, shipment, or price data in such form 
as to indicate that a manufacturer is or is not adhering to quotas. 

(6) Discussing at meetings of manufacturers or elsewhere, or by cor- 
respondence or other^dse, production, shipment, or price data in such 
form or manner as to indicate that a manufacturer has exceeded any 
such quota, or that it should limit present or future production so as to 
come within any quota. 

(7) Examining or auditing the production, shipment, or price records 
or accounts of manufacturers for the purpose of securing adherence io 
quotas. 

(8) Allocating or refraining from soliciting customers of manufac- 
turers, or allocating markets or marketing territories. ' 

(9) Fixing or maintaining prices. 

(10) Promoting the use of an estimating manual or any other hand- 
book or device for the purpose of fixing or maintaining prices. 

(11) Using or promoting the use of premeditated prices for material. 

(12) Examining or auditing production, shipment, or price records 
for the purpose of fixing or maintaining prices. 

(13) Compelling manufacturers to submit to trade associations copies 
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of invoices or to identify any customer account in connection vdth the 
submission of invoices. 

(14) Aiding or abetting any program to limit or otherwise control 
production. 

(15) Operating a bid depository designed to fix prices or limit pro- 
duction. 

(16) ^ Agreeing to limit employment to those who are members of the 
association or otherwise discriminating against nonmerabers. 

(17) Maintaining a company for the purpose of entering into a non- 
profit business with a view to driving out of business those who purchase 
direct from manufacturers or dealers who are not members of an or- 
ganization, 

(18) Distributing among all of the defendants the profits from com- 
mercial work done by any of tliem. 

(19) ^ Exchanging with each other, with the effect that competition 
in bidding is restricted, any information regarding quantity of materials 
and labor and the cost thereof, so that each might be able to calculate 
in advance of submission the bid to be submitted by others. 

^ (20) Adding to bids arbitrary noncompetitive percentages of the total 
bid for the bidder’s overhead and net profit, such percentages being fixed 
in advance by two or more defendants. 

. Promoting Siny plan or policy designed to control channels of 
distribution or from combining to restrict the sale of products of any 
particular classes or types of trade. 

Under its established procedure, the Federal Trade Commission has 
issued orders against those engaged in practices involving restraints of 
competition. During 1939, 23 complaints were filed against trade as- 
sociations or business groups. This is more than the commission filed 
during any one of the 4 years immediately preceding. The agreements 
or understandings involving the restraint, suppression, or elimination of ' 
competition, cited in the orders issued by the Federal Trade Commission 
m 1939, dealt with such subjects as price control, customer or supplier 
control, division of territory, and collusive bidding. 

Congress, over a half a century ago, incorporated into statute certain 
common-law principles relating to ''restraints,” Some types of actions 
by businessmen were recognized as matters of public concern The 
passage of the Sherman Act in 1890, of the Federal Trade Commission 
and Webb-Pomerene Acts in 1914, of the National Industrial Recovery 
Act in 1933, of the Robinson-Patman Act, of numerous state fair-trade 
acts, and of other legislation constitutes evidence that legislative bodies 
have given greater consideration to business practices in the last decade 
than in the first quarter of the century. 

Undoubtedly, the depression, including the many problems arising 
therefrom, occasioned greater interest in these subjects. Aggrieved in- 
terests represented by competitors, buyers, sellers, labor, and so-called 
^consumer groups” each desired relief from the existing order. 

The early cases arising under the Sherman Act generally involved only 
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one business concern. Many cases recently centered under the act in- 
volve a large number of concerns in the same industry. The unprece- 
dented activity during the past 2 years arises, not from any change in 
the 50-year old Sherman Act, but from the fact that the personnel of 
the agency charged with the act^s enforcement has been increased to ap- 
proximatelj’’ eight times the size w^'liich it has averaged during the pre- 
ceding 15 years. 

Congress has made a number of exceptions to the Sherman Act, but in 
most cases, it has increased rather than diminished the controls or the 
medium through which the public interests will be protected. Public 
authority has been created by special statute to impose the public interest 
upon motor carriers, railroads, and shipping. ^^Hiile such changes repre- 
sent departures from tlie competitive principle, which many students 
believe constitutes a system of regulation more effective than the Govern- 
ment could demise, they embody ideals for economic justice. 

As the preparedness movement encounters greater difficulties, it is con- 
ceivable that additional exceptions will be instituted. But Government 
supervision and regulation will accompany any such change. 

Problems Confronting Trade Associations 

As heretofore mentioned, trade associations will assume new duties in 
connection with the national defense program. Some of these new ac- 
tivities may become continuing parts of an association program. It is 
impossible to forecast the demands that will be made upon associations 
as this program develops, but it is evident that, as the problems confront- 
ing industry" increase in intensity and scope, the trade association will 
devote more and more attention to them, 

Nongovernmental business will continue to represent the major busi- 
ness activity in most fields. Problems arising thereunder will continue to 
require the consideration of trade associations. Business organizations 
jnax also be confronted with more actiA^e interest on the part of public 
authorities tending toward some form of regulation. Proposals for the 
registration, licensing, or control over association activities will continue 
to be made. The President of the United States, in his message to Con- 
gress on April 29, 1938, in enumerating a series of subjects proposed for 
consideration by the Temporary National Economic Committee, said: 

Supervision and effective publicity of the actirtties of trade associa- 
tion, and a clarification and delineation of their legitimate spheres of 
acthity which will enable them to combat unfair methods of competi- 
tion but winch will guard against their interference with legitimate 
competitive practices. 

The author of Trodc A.ssociQtto?i Survey^^ expresses the opinion tliat 

it would be desirable to give to some agency of the government th^ 
definite responsibility for deA^eloping a body of facts that would permit 
a discerning appraisal of antitrust policy.^' The author also expresses 


^•Pearce, op. ciL 
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the opinion that the function of sucli an agenc3% tvith reference to trade- 
association statistics, ''might include, in the first place, the establishment 
of standards for the dissemination of trade association statistics to in- 
terested parties in tlie trade other than participants in the reporting 
plan — ^whether competitors, customers, or suppliers/' It was also sug- 
gested that the agency might have the power of subpoena and the au- 
thority to issue licenses on a revocable basis to associations in or affecting 
interstate commerce. 

On the other hand, manj^ students of trade associations believe that the 
remarkable growth in number and activity of trade associations is caused 
by the lack of rigid governmental restrictions. The Chamber of Com- 
merce of the United States, at its annual meeting in 1940, adopted the 
following resolution: 

Business has long maintained trade associations as a means of 
carrying on important functions in the interest of business and the 
public. The efficiency of management has been furthered, the extension 
of markets promoted, the stabilization of employment fostered, the 
establishment of fair competition advanced, and the rights of industrj’^ 
upheld tlirough the proper operation of trade associations representa- 
tive of their fields. 

The benefits which have accrued from such cooperative work have 
been duo in part to the flexibility, the voluntar>’ character, and the free- 
dom from sjiocial forms of governmental control of trade associations. 

Such conditions should be presersTd, in order that trade associations 
may continue to extend their usefulness to their fields of business enter- 
prise^ and to the public. The}" are now advancing a wide range of 
activities in keeping with the highest public interest and extending 
from programs for training employees for their advancement to pro- 
motion of scientific and technical research productive of better goods 
at lower costs. The Department of Commerce in the utilization of 
the data it has collected has a great opportunity^ to advance the whole 
trade association movement by making clear the public benefits that 
are now being realized and the still greater benefits m prospect for the 
future. 

Irrespective of particular ty^pcs of legislative proposals that may’' be 
made, it is evident that tlie economic significance of trade associations is 
becoming recognized by an increasing number of individuals representing 
the Government and educational institutions as well as by businessmen. 
More information is currently being distributed with reference to trade 
dissociations. In this connection, a number of agencies have been helpful. 

United States Chamber of Commerce.— Trade Association Division. 
Trade and industrial organizations have been affiliated with the Cham- 
ber of Commerce of the United States since its organization in 1912. For 
over a quarter of a century, it has worked with trade associations in the 
development of sound economic policies. In 1928, tlie Trade Association 
department was establislicd to give further emphasis to the work of 
trade associations. The formation of trade associations, problems inci- 
dent to their management and operation, and the development of policies 
^dth respect thereto constitute some of the functions of this division 
Conferences with officers, committees, and staffs of trade associations are 
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held with respect to organization, management, and operation. Ad- 
dresses are made at meetings on the work of trade associations and the 
problems confronting business. Special studies are made with respect to 
organization structure, operation, and activities of trade associations. 
The division thus sen’'es as a clearing house of information on trade- 
association practice and achievements. 

American Trade Association Executives. Executives of trade as- 
sociations, in 1920, organized the American Trade Association Executives, 
which provides a common ground for men and women employed by dif- 
ferent and kinds of associations to share in the interchange of 

information and opinion. The annual and semiannual meetings repre- 
sent forums at which management and other subjects of interest to trade 
associations are discussed. 

In some of the larger cities, local organizations of trade-association 
executives exist. Most of these groups hold monthly meetings. 

National Institute for Commercial and Trade Organization Execu- 
tives. The National Institute was organized in 1920. It is sponsored 
by the American Trade Association Executives, the National Association 
of Commercial Organization Secretaries, Northwestern University, and 
the Chamber of Commerce of the United States. It was established for 
the purpose of helping commercial-, trade-, and industrial-organization 
executives to improve their technique. The Institute meets for one week, 
in August of each year, at Northwestern University. A definite schedule 
of courses has been developed. Executives completing a 3-year course 
are given a certificate. Textbooks have been issued, and considerable 
material has been made available to trade-association executives and 
students of trade-association work. 

National Industrial Council. The National Industrial Council, an af- 
filiation of the National Association of Manufacturers, includes in its 
membership some local and state industrial associations and national 
trade associations. 

Department of Commerce. The United States Department of Com- 
merce, in recent years, has also given additional emphasis to the work of 
trade associations. A special section was created in the Bureau of 
Foreign and Domestic Commerce. Since 1913, it has issued several lists 
of business and professional organizations. Included in publications of 
the department are references to work of trade associations. 

The collection and distribution of an increasing amount of information 
concerning the work of trade associations has created a better under- 
standing of the true functions of trade associations. Many now recognize 
that a trade association 

... does not order, it ad\nses. It does not coerce, it persuades. 

It does not issue mandates or even instructions. It uses only the moving 
eloquence of a reasoned appeal to the self-interest of its members. It 
does not tell its members what they must do. It tells them what, if 
influenced by a decent regard for their own interests, they will be glad 
to do. It assumes that its members are intelligent men, tliat they can 
think* about the problems of their business and that, if the facts out of 
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which these problems arise are placed clearly before them, and if the 
significance of the facts is pointed out, a proper and profitable line of 
action will result»^^ 

Broader functions recognized. Trade associations include the leaders 
in industry. These men are desirous of securing information that will 
enable them to increase their efficiency, reduce their cost, and expand 
their markets. They believe that business morality — ethical standards — 
is essential to the successful operation of business. Business leaders are 
Willing to promote cooperatively those practices and principles which are 
essential to the maintenance of good business from the standpoint of 
permanency, profits, and public interest. 

Trade associations are being utilized in more ways by more people 
because they provide a means of reaching, in an understandable manner, 
an entire industry. They are being upheld by educators, philosophers, 
and students because they protect and promote the principles which are 
a part of our economic, social, and political system. Trade associations 
are democratic in character; they recognize the rights of the individual 
and defend free and fair competition. They promote initiative and op- 
pose forces which threaten to stifle tlie development of business. In 
their efforts to find new products and new uses for existing products, they 
are calling upon the best technical skill in the industry. The specialists 
in the marketing and merchandising fields join in efforts to extend the 
markets of each industry. 

The trade association of 1940 represents the evolution of the organiza- 
tions created before the turn of the century. But it is pursuing more 
activities to aid business in more of its problems than ever before. In- 
dustrial leadership, business statesmanship, and principles of the Ameri- 
can economic system are being sustained and developed by trade 
associations. Imbued with their responsibility to the public, trade as- 
sociations will become an increasing^ important agency in dealing with 
governmental matters as well as with the internal problems confronting 
each industry. 

Meade, 'Xawful Restraint of Trade Through Education,” m The Annalisl (Au- 
gust 9, 1029). 
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arsenate, 248 
carbide, 522. 623, 534 
chlondo, 521 
cyauamid, 523 
Caledonians, 3G7 
Calf leather, 28G 
Calicoes, 195, 197, 109 
printing. 203 
Calimala Guild, 195 
Calking, 437 
Calves, 35, GO 
Cambium layer, 249 
Campbell. Dr, M. R„ 373 
Canadian National Telcgrapha, 771 
Canal, 058, 663 
systonis, 502 
toll, G52 

Candlopowcr, 577 
Cane iiclds, 319 
Cannel coal, 370, 3S0 
Canning industrj% 9S 
Caintal turnover, power industr>% 623 
Capper- Volstead Act, 27 
Carbides, 522, 523 
cemented, 560 
Carbon: 
bisulphide, 534 
black, 337, 545 
dioxide, lOI 
tetrachloride, 385 
Carbomfoious Age, 367 
Cnrliprundum, 523, 826 
Carburetor, 691 
Carder, cylinder, 200 
Carder, Frederic, 479 
Carey, Matthew, 159 
Cnrfloats, 040 
Cargo vessel, 
construction, 639, 643 
definition of, 655 
Carlton, Newcomb, 752 
Carpet, 236 

Carrier-current tolcphonj', 789 
Corner system, T53 . 

Cartwright, Rev. Edmund, 206 
Carty, J J., 777 
Cascade Tunnoh 517 


Casein. 142 

Casinghead gasoline, 337 
Cassonado sugar, 297 
Casting bureau, 814 
Casting process, glass, 488 
Castings, 437 
Castor oil, 546 
Catalogue; 
distribution, 767 
mail order, 868 
Cathode, 42G 
Cattle, 34, 35, 64, 70 
feed, 101, 245 
killing of, 65 
processing, 73 
raising, 36 

Caustic soda, 521, 535 
Ca\ alier, Robert, 368 
Caveat, 774 , 

Cayopa Indians, 192 
Cedar. Ill, 319 
Celluloid, 624 
Cellulose, 242 
acetate, 495 
fibers, 128, 131 
plastics, 525 
Cement, 501, 514 
composition, 607 
concrete, 514 

discovery of Portland cement, 503 
high early strength, 616 
low heat, 51G 
manufacture of, oOS 
masonry, 516 
natural, 502 
oil well, 516 
Portland, 503 
! Puzzolani, 501 
! lock, 509 
Roman, 502 
sulphate resistant, 516 
Cement industry, 501 
Amor lean contribution to, 502 
American pioneers in, 503 
applications of cement, early, 50 1 
classification of materials in, 50G 
developing uses for cement, 515 
difficulties m marketing cement, 504 
economic importance of, 505 
health conditions in, 614 
. history of, SOI 
impetus to, 504 

mfiueiico of materials on processes, 509 
Cemented carbides, 509 
labor m, 505 
location of mills, 508 
manufacture of cement, 508 
marketing, 515 
materials of, 500 
power in, 513 
problems of the early, 504 
production in, 504, 605 
raw materials of, 50G 
tariff in, 505 
wage earners in, 505, 514 
Cenmni, Cermino. 197 
Census of J^Ianvfacturcrs licjwrh, 575 
Census of population, G 
Central casting bureau, 814 
Central office, telephone, 797 
Central power stations, 612 
Central rcseri c cities, 920 
Centrifugal machines, 297, 305 
Cham groups, 873 
Chain journalism, 176 
Chain management, 885 
Chain newspapers, 176 
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Chain store/ 868 
Chalk, 512 
Challenge, 631 
Chamberlin, C . 709^ 

Chaplin, Charlie, 807 
Charcoal, 39S 
Char ^ters, 30i ^ 

Charge accounts, 878 
Charging floor, 404 
Charging machine, 403 
Charles the Sage, 270 
“Chauffeur,” origin of term, 682 
Chemical advertising, 533 
Chemical compounds. 441 
Chemical ^assware, 474 
Chemical industr>', 441, 519 
American, 524 
by-products of, 530 
characteristics of operations in, 527 
coal tar chemicals, 521 
coal tar industry’, 523 
coproducts of, ^0 
cost of production in, 530 
definition of, 519 
discoveries in, 522 
Du Pont contribution to, 524 
earnings in, 529 
electrolytic caustic soda, 521 
employment in, 52S, 529 
exports in, 
financing in, 538 
foundations of, 520 
Frasch process, 521 
future outlook, 590 
grov^-th of, 522 
high product irity of, 528 
hourly earnings, average, 529 
imiKirtant discoveries in, 522 
imports in, 530 
labor tuniovcr, 528 
Le Blanc soda-ash process, 520 
location of, 526 
marketing methods in, 532 
markets of, 520 
mass production in, 537 
materials of, 525 
obsolescence in, 530 
operating characteristics, 527 
organization chart of company, 537 
plastics, 523 
prices in. 533, 534 
production, cost of, 530 
productivity of, 528 
products of. 524 

materials of, 525 
rayon, 523 
TC*»carrh ha. 531 
salaried emp1o>oc«i in, 529 
selling chemicals, 533 
sire of chemical enterprises. 530 
soda-ash jjrocess. 520 
Solvay process, 521 
transiy>Ttatior., 533 
vrage earners in, 528 
scages in, 528 
Chemical lead, 439 
niicmical inetcr, 621 
Cnenrint, 111 
Cbc'^'ing gum, TOT 
Child exploitation, 201 
Child labor, 19t\ 2a5 
Chilean copper, 424 
Cluna ¥rood oil. 5^6 
CUonne, 2^1. 521, 523, 535 
Oiloroform, 523 
Chrome green, 5-1,5 
Chrome orange, 545 


Chrome tanning, 273, 285 
Chrome yellow, 545 
Chromite, 281 
Chromium oxide, 546 
Chromosomes, 189 
ChriTsler Corporation, 691, 699, 701 
•*Churka,” 214 
Cien'a, Juan do la, 711' 
Circuit-breaker, 430 
Circular saw, 117 
City hotel, SS4 
Ci^dl Aeronautics Act. 734 
Ci^dl Aeronautics Authority. 734 
Ciril Aeronautics Board, 734 
CiWlization, 18 
agriculture as base of 18 
Civil War, 8, 24 
Clams, S5 

Clark, Senator W. A., 422 
Class I Railroads, 660, 668. 670 
Classification of aircraft, 725 
Classification of ships, 651 
Clay, 142, 500 
Clayton Act, 962 
Clermont, 629, 896 
Clinker. 512 
Clion, the Tanner, 270 
Clipper air service, 737 
Clipper ships, 630, 631 
Cloth, 212 
glass, 485 
“C. M..” 740 
Coal, 367, 512. 525, 613 
anthracite, 370, 373 
bituminous, 369, 370, 372 
btoam, 370 
canncl, 370 
egg, 380 

lignite, 370, 371, 378, 3S0 
peat, 370, 379, 385 
slack, 386 
soft, 309 
steam, 385 
types of, 370 
Goal gas, 416 
Coal industry, 367 
accidents in, 390 
exports, 385 
freight rates, 386 
future of, 397 
health in, 390 
liistorj^ of, 307 
labor in, 3S6 
legislation affecting, 391 
mechanization in, 378 
post-war legislation, 392 
production m, 374, 375. 370 
research in, 395 
safety in, 390 
strikes in, 386 
wage earners, 386 
Coal oil, 329 
Coal-tar chemicals, 521 
Coal-tar distiUalion, 327, 523 
Coal-tar industr>% 523 
Coal Trade Act of 1957, 39i 
Coastal shipping, C40 
Coast-to-eoast networks, 847 
Cooslwiv shiiiping, 040 
Coaxial cable* bOO 
Ck)l>alt, 427 
Cobalt blue. 545 
Cochrane. KUzalM*th. 737 , ^ 

Codes of National Indu^^tnal RiNcov^’fJ- 
943 

86 . hV 

eVi-Hver oil, 100 



INDEX 


977 


Coffin, Charles A., 584, 585 

Coils, loading, 777, 790 

Coke, 390, 400 

Colburn process, 477 

Cold rolling of steel, 413 

Cold-strip mill, 411 

Collateral borrowing, 932 

Collective bargaining, 6, 13, 15, 957 

Collins Line, 630 

Colonial banks, 913 

Color, 227, 228, 541 

Colored glass, 470, 478, 479 

Colored pigments, 544 

Colt, Samuel, 743 

Coltskm, 287 

Columbia Broadcasting System, 848 
Columbus, Christopher, 64, 188, 249, 422 
Combination vessel, 655 
Combustion efficiencies, 388 
Comd, 631 
Commerce* 
department of, 29 
pre-railroad, 662 
Commercial bank, 935 
Commercial Cable Company, 754 
Commercial Hotel, 887 
Commercial news department, 763 
Commission buyer, 870 
Commissioner of Agriculture, 21 
Commission men, 69 
Committee buying, 877 
Commodities clause, 673 
Commodity Credit Corporation, 41 
Commodity Exchange Act, 60 
Common-battery switchboards, 797 
Communication, radio telegraph, 850 
Communications Act of 1934, 750 
Communication system, 172, 430, 658 
Commutator, 430 
Company unions, 6 
Compeb mills, 511 
Competition, 212, 965 
Complex ore, 438 
Composing room, 182 
Compton, Samuel, 203 
Comptroller of the Currency, 919, 921, 923, 929 
Concentrates, 426, 458 
Concentrating mill, 425 
Concentration of automobile manufacturing, 
696 

Concrete, 514 
products, 616 

Condensing equipment, 590 

Congress of Industrial Organizations, 16, 43 

Consent decree, 82 

Conservation: 


activities, 35 
expenditures, 35 
forest, 112 


program, 35 
soil, 61 

Consolidated Aircraft Corporation, 714 
^naumcr cooperatives, 869 
Consumer-goods manufacturers, 572 
Consumer movement, 880 
Containers, 99 
glass, 474, 478, 482 
_ steel, 551 
Conic di Saroia, 643 
Continental Congress, 913 
Continental Shelf, 86, 88 , , 

Continental Wireless Telegraph and 
phone Company, 824 
Continuous operation, 461 
Continuous process: 
glass, 488, 491 
steel, 410, 414 


Continuous- wave sj^stem, 826 
Continuous-wave ti ansmitter, 823, 826 
Control, production, 691 
Converter, Bcsscirer, 401 
Conveyors, 378, CS9 
Coopeiative association, 245 
Cooperative buying, 877 
Cooperative journalien , 177 
Cooperative marketing, 28, 29 
Cooperative research, 633 
CoSperatives, 26, 28, 29 
consumer, 870 
farmer, 26, 28> 29, 40, 41 
housing, 39 
Copper, 421 
alloys, 428, 429 
automobile, 428, 429, 680 
bais, 427 
billets, 427 
blister, 426 
cakes, 427 

eleotrolj'tic, 425, 420 
hardening process, 780 
mining, 424 
producing areas, 423 
roofs, 432 
sheet, 428 
slabs, 427 
tube, 42S 
uses for, 429, 433 
wire, 427, 428 
world production of, 423 
Copper industry, 421 
Africa’s contribution to, 423 
America's contribution to, 423 
brass manufacture, 428 
developments of nineteenth centurj*, 
economic significance of, 429 
fabrication methods, 428 
history* of, 422 
interests in, 424 
producing areas, 423 
production of copper, 423 
transportation, 431 
Copyreaders, 181 
Copyright, 165 
Cordovan Jeather, 287 
Cordwaincr, 270 
Cork, C18 
Corliss engine, 589 
Corn, 31, 57 
hybrid, 22 

CorooirE^ra. 741, 742. 743. 740, 747, 761 
Cornell University, OH 
Corporate surplus, 668 
Corroding load, 439 
Corrugating rolls, 

Corsicana field, 329 
Cortez, Heinando, 64 
Cosottca, 316 • 

Cost reduction, 5*3 
Costs, electricity, 621 
Costs of retailing, 8<0 
Cost studies, 956 
Cotton, 31, 187, «.41 

American, 189, 213 
Asiatic t>T>opf, 189, 24- 
automobile, GSO 
baling, 244 
belt, 242 . 

botanical features of, -lo 
buj'crs, 215 

cS?era^of° manurncturing. 217 

conditions, 200 
consen'ation ot, ov. 
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Cotton— (Con?,); 
consumption of. 2X0 
crop of U. S., 241 
earliest discoYcr>* of, ISS 
export. 216 
fabric, 199, 203 
fiber, 190 . , 

geographical dislocation, 233 
gin. 213. 215 

go\’crnment payments, oo 
grade, 241 
grovring of. 243 
inventions, 195, 200 
labor, 213, 219^ 
inarkctiiig, 245 
mills, 217. 218^221 
m>'ster 5 ’ of. 187 
pests, 248 
picker. 23 
picking, 243 
plant, 243 
plantation, 247 
price adju^ment, 35 
price of, 217 
production of, 242 
raw material, 525 
Sea Island tM^e of, 242 
shipping, 244 
species of, 242 
staple, 241 
upland t> 7 >e of, 242 
use of, 194 
varieties of. 242 
Cotton gin, 564 ^ 

Cotton growing industry*. 241 
by-products of. 244 
competition in, 240 
costs, reduction of, 243 
financing of, 246 
labor, 247 

marketing methods in, 245 
production in, 242 
shipping, 244 
Cotton-picking machine, 0 
Cottonseed meal, 245 
Cottonseed oil, 244 
Cotton Textile Institute, 238 
Cotton textile manufacture, 233 
Country hides, 277 
Country Tife Commission, 25 
Covered wagon, 897 
Cowskin, 277 
Cracked gasoline, 334 
“Cracker" machine, 256 
Cracking process, 334, ^9 
Cracklings, 73 
Craft smansbip ideals, 7 
Crankshaft, 691 
Crawford, IVI. D, C., 190 
Credit, farm, 28, 41 
Creighton, Edward, 751 
Cretaceous Age, 340 
Cro-Magnons, 541 
Crompton, "William, 227 
Crompton-Enowles loom, 227 
Crosscut saw’S. 424 
Cross-licensmg. 695, 696 
agreement, ^9, 842, 843 
patents, 839, 842, 843 
pool, 696 

Cross process, 350 
Crow Indians, 271 
Crucible, 426 

glass making, 489 
Crude oil. 328, 330, 334 
Crude run, 352 
Crystal detectors, 826 


Cr>’StaUization, 316, 317 

Cugnot, Nicholas Joseph, 6S1, 898 

Gullet, 489 

C^Iumarone, 5^17 

Cumberland Turnpike, 890 

Cummings Act, 311 

Cunard Line, 029 

Cured meat, 67, 72 

Currency principle, 912 

Current amplifier, 789 

Curtiss, Glen, 70S 

Curtiss-WrigUt Corporation, 714, 710 

Cyanamid process, 523 

Cycle, engine, 082 

Cylinder carder, 200 

Cylinder machine, 470 

Cylinder paper machine, 140 

C> Under press, 172 

Cylinder printing, 204, 217 

C^Tress, 111 

Clpruz Field, 769 
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Paid, 128 

Daimler, Gottlieb, 082 

Paiiying, 05 

Paly, ^ia^cus, 422 

Pam, building of, 510 

Pavis, Harry', 800 

Pavy, Sir Humphrey. 272, 011 

Pay, Benjamin H., 174 

Pay, Stephen, 159 

Deadweight tonnage, 054 

Dealers: 

airplane, 729 
automobile, 701 
Death benefit, 785 

Decadence of American shipping, 033 
Declaration of Independence, 398 
Deerskin, 288 

Defects m National Bank Act, 921 
Deflation, land, 28 

De Forest, Dr. Lee. 822. 823, 839, 840 

De Forest audion, 825, ^9 ^ 

Dd Forest AYireless Telegraph Company, 823 

De-ion protective tube, 593 

Del Cano, 737 

Delhi, Pillar of, 397 

Demersal fish, SO, 88, 90 

Democracy, 2 

Departmental organization, railroad, 666 
Department store, 867 
Deposits of copper, 424 
Depression, 572, 575, 933, 965 
dc Rochas, Beau, 682 
Design of ships, 637 
Designing radio transmitter, 852 
Design patents, 696 
Desilverized lead, 439 
De Soto, Ferdinand, 04 
Detector, 825 ^ ,, 

Deutsch-Atlantische Telegraph EngeseU- 
schaft, 770 

De\'ices, labor -sa'V’ing, 10 
De JViii Clinton, 659 
Dextrose, 313 

Dial equipment, 798 ^ ^ 

Dial system central office, 797 
Dial telephone, 789 
Diamond, 493 
Diatomaceous earth, 304 
Die castings, 454 
Diesel • 
cycle, 610 

engines, 337, 597, 609, 640 
fuel, 389 
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DicsgI — iCnni,): 
plant, CIO 
trawler, 80 

Dicsoi, Dr. lladolph, COO 
Diet, 4S 

Diffusion juice, 310 
Diffusion of population, 713 
Dimension Unnber. 117 
Dioscoridcs, 20C, 435, 5 11 
Direct foreign trade, C51 
Direct selling, GO 
Dirigible, 712, 723 
Disability })er.sion5, 785 
Displacomeui tonnage, 054 
Distant supcr\ ision, 071 
Distillation plants, 350, 401 
Distribution, elect rirnl cnrrgj% 678 
Distribution, motion pictures, 814 
Diversity system, radio, 852 
Di\i-d»vi, 281 
Division of labor, 215, CSC 
Division of land ceonomics, 28 
Di.TOn, Professor Poland 3b, ISO 
Dockage, C02 
Documentation, 052 
Dodge, General Grenville M., 002 
Dolbeiir, A, D., 776 
Dole, 108 

Domestic cimo sugar, 318 
Domestic BloUcrs, 3S0 
Domestic trade, 054 
DoobUle, Major J. II., 738 
"Dope," 710 

Dot^dasli system of telegraphing, 740 

Double gla«3, 477 

Double tiack, 059 

Douglas Aircraft Company, 714 

Douglas fir, 109. Ill 

Drainage, 379 

Drake, Colonel, 328 

Drawback lai\s, 442, 443 

Drawbaugh, Daniel, 775 

Drawing processes, glass, 477 

Driers, 237, 543, 540, 517 

Drifts, 421 

Drift theory of coal, 367 
DriUing, 558, 662 
Drill prc*»s, 600 
Drought, 20. 30, 50 
Drum, Packing, 651 
Dry hides, 270 
Dry ICO, 101 
Drj'ing oils, 546 
Dry process, cement, 510 
Dry salted bides, 276 
Dubbs process, 350 
Dum^oody, Gcncial H. H., 826 
Duplex toleginph, 719 
Durable-goods mdustnes, 572 
Duryea, Charles B., 054, 898 
Dust collector, 514 
Dutclicr temple, 224 
Dutch process, 522, 543 
Dyar, llarnsou G., 740 
Dye, synthetic, 621, 523 
Dyeing, 190 
Dyer, E H , 300 
Dyes, 542, 540 
Dynamo, 580, 011 
Dynamometer test room, G91 


E 


Earners of -nages, 1, 2, 3 
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Eastman, George, 800 
Economic probiems, 8 
Eddy, Arthur Jerome, 955, 961 
Edclncau process, 351 
IWgo-Pomereno Act, 119 
Edible fish, 86 
Edict of Nantes, 199 

Edison, Thomas A., 512, 579, 587, 612, 620. 
749, SOG 

Edison chemical meter, 021 
Edison Electric Institute, 40, 388 
Edison generator, 577 
Edison kinetoscopc, SOG 
Edison, three-wire ss'^tera, 5S3 
Educational activities, motion picture, 
816 

Educational effects of travel, 90S 
Eel pots, 91 
Egg coal, 386 

Egj^tian agricultural history, 17 
Ehret, C. D., 824 
Ekmnn, 128 
Elastic currencj', 928 
El Dorado field, 329 
Electric: 
automobiles, 684 
furnace, 40G 
light bulbs, 9 
light on farm, 39 
locomotives, 379 
operation of railroads, 660 
phonographs, 855 
power on farm, 39 
power plants, 388, 389 
rates, 020 
refrigeration, 675 
Electrical energy, 577, 689, 610 
Electrical industry', 677 
characteristics of, 586 
engineering in, 585 
future developments m, 595 
groivtli of, 6S5 
magmtudo of, 594 
personnel, 593 
pioneers in, 585 ♦ 

transportation, 5S7 ' 
trends in, 587 
Electrical power, 610, 612 
Electrical transmission of epecen, 774 
Electricity, 678, 589, 610 
Electric speaking telephone, t ^3 
Electric wave, 821 
Electrification: 
on farms, 39 
of railroads, 6S8, 660 
systems of, 5S8 
Electrodeposition, 449 
Electrode vacuum tube, S23 
Elcctrogalyanizing, 449 
Electrolytic: 
alkab, 523 
aluminum, 623 
caustic soda, 521 
cells, 454 
copper, 425, 426 
process, 402 

Electromagnet, 740, <41 
Electromagnetic disturbance, 821 
Electromognetic needle telegraph, 740 
Electromagnetism, 740 
Electronics, 597 
Electroplating, 440 
Elm, 111 • » 1 11 . iiqa 

Emergency { C 55 

Emergency Fleet Corporation, 63 1, oua 

Employee-benefit plan, ^S4 

Employco-rcprcsentation plans, a 
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in chemical industrj’, 528 
volume of, 12 
Enamel, 547 

Energ 5 *: ^ ^ 

electrical, 577, 578, 589, 610 
sources of, 388, 603 
Engineering, 5S6, 714 

Engineering societies, 594 ^ ^ ^ 

Engines, 579, 597, 603, 607, 608, 609, 712, 717 

Engine testing, 718 

English labor la^, 198 

English labor unions, 226 

Eocene Age, 340 

Eosine, 546 

Eric Canal, 658, 663, 897 
^osion: 

control, 34, 37 
cost of, 61 
soil, 30, 61 
Esparto, 132 
Esters, 547 
Ether, 337 
Ethyl acetate, 535 
Europa, 613 
Evans, Oliver, 681, 898 
Everitt, B« F., 688 
Ever-normal granary, 32 
Exchange, telephone, 797 
Excise tax, 33, 309 
Executive, Hotel, 8S5 
Exhibition, motion picture, 814 
Experimental station of East Java, 321 
Explosives, 126 
Exports: 

automobiles. 702 
cotton, early, 216 
farm, 47, 54 
glass, 482 
lumber, 119 
meat, 78 
sugar, 306 
Express, air, 736 
Extruder molding, 429 
Extrusion process, 428 


Fabrication of copper, 428 
Fabrics: 

demand for, 199 
glass, 4S5 
rubberized, 204 
Facsimile, 854, 855, S5S 
receivers, 855 
service, 854 
Factor, 247 
Faclorj', 208 
Factory manager, 483 
Fading phenomenon, radio, 849 
X^air Laixjr Standards Act, 15, 957 
Fairs, SG6 

X'air-trade arts, 809, 902 
i'nlJeti hide, 278 
Fall IFiver, 220, 225 

Famous Players Production Companj*, 807 
Fancy leather, 287 
Faraday, Michael, Cll 
Farm: 

abandoned, 52 
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census, 52, 53 
credit. 28, 41 
drought |>oricKip, 20. 50 
elect nc light, 39. 48 
engineering. 52 
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exports, 47, 54 
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hands, 19 
income, 56 
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labor, 39 
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loans, 32, 41 
losses, 46 
management, 52 
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migratory labor, 39 
mortgage, 41, 46 
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policy, 28 
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power, 39, 48 
program, 32 
real estate, 53 
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taxes, 20, 47 
Tenant Act, 1937, 39, 49 
tenants, 39, 48 
thefts, 46 
values, 53 

Farm Credit Act of 1935, 930 
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debt burden, 38 
Indian, 53 
loans, 39 

medical care of, 39 
Negro, 53 
organizations, 24 
rehabilitation program, 38 
Farmers’ Alliance, 25 
Cooperatives, 26, 28, 39, 40, 41 
Union, 26 
Farming. 19 
a business, 23 
a vocation, 19 
hazards of, 45 
science of, 43 
subsistence, 51 
Fatalities, air transport’, 735 
FaMiquor, 273, 286 
Feature films, 816 

Feature picture, 807 . _ . 

Federal Deposit Insurance Corporation, 
Federal Fair Labor Standards Act, 238 
Federal Farm Loan Act, 029 
Federal Farm Loan Board, 929 
Federal Farm Loan Bureau, 929 
Federal Home Loan Bank Act of 1932. 919 
Federal Loan Agency, 240 
Federal Motor Carrier Act, 074 
Federal Open Market Committee, 925 
Federal Badio Commission, 750, 845 
Federal Reserve Act. 921, 922 
Federal rescr\'e district, 923, 921 
Federal reserve notes, 934 
Federal rcscr^'C system, 925 
Federal Social Security Act of 1935, 

Federal Trade Commission, 82, 301,050, 9,> , 
961. 9G2, 965 
Feebler lines, 713 
Feldspar, 475, 507 
Ferric oxide. 5*15 
Ferroalloy, 523 

FertiUzers, 61, 68. 00, 99. 100, 243, 38L 385, 
535 

Fessenden. Pitif. Reginald, 822, 823 
Fessenden hoteixvJyne principle. 820 
Filler, 125, 128, 131 
cotton, 132, 187. 190 
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retail, SCO 
Markup, 873 
Marl, 500, 507 
Marsh, Mae, 807 
Martin Company, Glenn L , 714 
Masonry cement, 6IG 
Massachusetts Bank, 913 
Massie, Walter, S22, 824 
Mosaic ll'ireless Telegraph Company, 824 
Mass production, 7, 23, 71, 125, 143, 243, 537, 
505, 670, 673, 575, 071 
airplanes, 720, 721 
automobiles, GSG 
glass, 491 

Master Plasteiers’ Company, 941 
Master tools, 557, 573 
Masts, 032 
Mafadcros, 277 
Matiix, 173, 182 
Mnughan, II 1 , 73S 
Mauretania, G13 
Maxim, Hiram S., 899 
Maxwell, James Clerk, 821 
I ^ I ay bach, GS2 
I Mazda lamps, 5Sl 
! IMcat packing mdustrj', 03 
beginning of, 05 
by-products, 73, 74 
capital, 80 
centcis, G7 
concentration of, 07 
eunng meat, 72 
economic significance^ 68 
effects on leather, 275 
exports, 78 
financing, SO 
history of, 03 
inspection, 70, 71, 74 
inventories, 80 
legislation affecting, 81 
location of, 08 
mass production, 71 
meat cutting, 72 
meat merchandising, 77 
meat smoking, 73 
processing, 71, 73 
profit, 78, SO 
refiigenition, GO 
shipping, 70 
statistus of, 78 
stock 5'aids, GG* G9, 70 
storage, 70 ^ 

value of products, 07 
Mechanization 

agricultural, 21, 22, 51 
effects on employment, 575 
effects on laboi, 8, 9 
Afcdical care, farmers*, 39 
Medicinal oil, lOO 
Meduau (ship), 740 
Melting put, 489 

^fcnibor bank, 920 ^ ^ ^ 

Momhersliips, ti ade association, 94/ 
hlciulcz, Don Antomo, 290 
Menhaden, bO, 90 
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Merchandise budget, 878 
Merchandise manager, 873 
Alerchandjsmg: 
meat, 77 

textile industry, 239 
Merchant fleet of the United States, 640 
Merchant Marine, 630, 633 
Merchant Marine Act of 1920, 635, 639, 962 
Merchant Marine Act of 1928, 637 
Merchant hlarine Act of 1936, 638 
Merchants, S67 
Mercury, S65 
Mercurj' sulphide, 645 
^lercurj' vapor lamp, 5S1 
^Mergenthaler, Ottmar, 173 
Mesabi Range, 399 
^Metallizing, 449 
Metallurgical slag, 469 
Metalworker, 564 
Methanol, crude, 534 
Methyl alcohol, 522 
Metzger, H'illiam E., 688 
Meucci, Antonio, 774 
Mexican Telegraph Con3panj% 770 
Mica, 507 

Microphone, SOS, S33 
Mild steel, 404 
Military' air craft, 726 
Milk liottles, 476 
Miller-Tydings Act, 1937, 9G2 
Milling, 460, 558, 559 
.Mills: 

cotton, 217, 218, 221 
steel, 409 

Mills, Frederick C., 0 
Mineral tanning agents, 281 
Mineral wax, 327 
Mining; 
coal, 373, 376 
copper ore, 42 1 
iron ore, 378 
lead, 438 
open pit, 424 
zme, 457 

Minot, Charles, 742 

Mitchell-Lewis Motor Car Company, 6S6 

Mitschcrlich. Eilhardt, 128 

Model **T” Ford, 6S7 

Modulation, 825 

Modulation, frequency, 80S 

Mohair, 35 

Mohler, Dr. John R., 6S 
Molasses, 297, 309, 316 
^loler, Prof, George S , 611 
^lolylidcnuni, 789 
Monoplane, 711, 723 
Monotype, 173 

Monsanto Chemical Company, 526 
Montan wax, 3S5 
Montgolfier, Stephen, 712 
Montgomcr>’ 'Ward d: Company, 86S 
“Morgue,** 184 
Morrill Act, 21 

Morse, Samuel F, B., Gil, 739, 740 
Morse toU graph. 711 
Mosaic di<»ca5c, 296 
Motion pin urn industry-. 805 
ndvent of «ound picture'?, 807 
capital inte«fed jn, 811 
central casting bureau, 813 
coflo in, 

^^ntributioxH of Hdi^on and Eastman. 800 

distribution in. 814 

early of, 806 

t^onomir sigmrican''e of, 809 

feature pi» turcs, ^07. 816 

financing in, S15 


jMotion picture industry — iConi.): 
foreign distribution, Sl5 
history of, 806 

increased educational acthities, 816 

influence on other industries, 810 

inventions in, 806 

location of, 811 

modern, Sll 

organizing the, 807 

policies of, 809 

pooling motion picture patents, 807 
price of films, 816 
principle of sound pictures, SOS 
production code in, 809 
production of picture, 811 
receipts of, 816 
regulation of, SOS 
rental, factors determining, 815 
self-regulation, 813 
social progress in, 869 
social significance of, SOS 
sound pictures, 807, SOS 
special feature films, SlO 
statistics of, SIS 
theorj" of film rental, S15 
trade practices in, 815 
Motion Picture Patents Company, 807 
Alotion Picture Producers and Distributors 
of America, 807, SOS, S09 
Motive power, 117 
of vessels, 040 

Motor assembly, automobile, 689 
Motorbus regulation, 704 
Motor car, 682 
Motor transport, 898 
Motor vehicles, 679 
Mulberry" tree, 127 
Mule, spinning, 223 
Mules, 22 

Multianodo tank-type^rectifier, 593 

Multioffice exchange, 797 

Multiplate glass, 497 

Multiple telegraph, 774 

Multiple- tuned antenna system, 837 

Multiplex telegraph, 749 ^ - 

Municipal ownership of power stations, 01/ 

Murdock, AViUiani, 081 

Muriatic acid, 521, 534 

Aluscavodo sugar, 297 

!Muscle Shoals, 54 

Museum of Natural History, 18S 

Museum of the American Indian, 188 

Musschcnbrock, Pieter van, 739 

Mussels, 85 

Mutual savings banks, 935 
MjTobalans, 2S0 
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Nagj% Dr. Rudolph, 596 

Naphthalene, 523 

Napoleon Bonaparte, 299 ^ 

Nap per. Captain William N., 745 
Naphthas, 547 ^ ^ 

National Academy of Design, 740 * 

National .Vdiisory Committee for Acronau - 


ies, 733 ^ 

National Anthracite Act of ir.i 

National As*'Ociation of Book Publisher*# 
National As«oc5at*on of Gotten Mauu • 
tun*r5, 912 

National As«ocjntion of KcUul (»rocen<, V' 
National Automobile (rhamlx^r of Comror « 
671, 605 

National Bank Act of 914, 91S 

National Bank Act of 1861, 91S 
National Banking 8v*strm, 
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National Bankf*, 035 
National Bell Tclophouo Company, 770 
National Board of Firo Underwntera, OIG 
National Broadcast ins Company, 8^17 
Notional Council of American Slnpbuiklci c, 
0-15 

National defense, 01, 575, 911, 9CG 
National Defense Advisory Commission, 158, 

911 

National Electrical Manufneturors Associa- 
tion, 591 

National Electric SipimlUnp Company, 823 
National Forest Besen'atiou Commission, 49 
National forests, 37, 112 
National Grange, 25, 20, 59 
National Induslnal Comercnco Board, 528 
National Industrial Council, 9GS 
National Industrial Recovery Act, 913, 914, 
957. 958, 902 

National Institute for Commercial and Trade 
Organization Executives, 908 
National Labor Relations Act, 0, 15 
National Labor Relations Board, 15 
National Lead Company, 542 
National Lumber Ivlanufacturcrs Association, 

no 

National Machine Tool Builders Association, 

Kr,"? 

National Monetary Commission, 921 
National Paint, Oil and Varnish Association, 

912 

National parks, 112 
National Plato Glass Company, 487 
National Railroad Adjustment Board, 009 
National Reclamation Association, 60 
National Recovery Act, 5, 10, 15, 237 
National Research Council, 39G 
National Retail Dry Goods Association, 950 
National Social Program of Labor, 14 
Native copper, 425 ‘ 

Natural cement, 502 

Natural gas, 328, 330, 335, 33G, 337, 390, 488 
Natural-gas gasoline, 328 
Natural gasoline, 328, 330, 334 
Natural pigments, 546 
Navajo Indians, 271 
Naval Appropriations Act of 1918, 832 
Naval architects, 647 
Naval auxiliary ships, 034 
Naval observatory, 704, 705 
Naval reserve, 034 
Naval stores, 630, 542 
Navigation, 625 
Navigation foes, 052 
Ncarchus, 296 
Ncat*s-foot oil, 286 
Negative grid bias, 840 
Negro: 
farmers, 53 
labor, 220 
Nero, 296 
Not tonnage, 656 
Network broadcasting, 846, 847 
New Record, 217 
New England, 232 

Now England Telephone Company, 775 
News bulletins, transmission of, 835 
Newspaper advertising, 810 
Newspaper industry, 171 
advertising, 178 
advertising department, 182 
associated press, 177 
audit bureau of circulations, 178 
business department of, ISO 
chain journalism, 176 
chain newspapers, development of, 170 
circulating department, ISO, 184 
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Noivspaper industry — (Cent ): 
distribution, 184 
economic aspects of, 175 
economic aspects of advertising, 178 
editorial department, 180, 181 
executive department, 180 
feature services, 177 
future of, 184 
history of, 172 

International News Service, 177 
journalism, 173, 174, 170, 177 
make-up editor, 183 
making a newspaper, ISO 
managing editor, 180 
mechanical department, 180, 182 
mechanical production, 172 
; HOW'S department, 180 
news editor, 183 
newspaper, function of, 171 
nows services, 177 
personnel department, 180 
plant, modem, 179 
presses, early printing, 172 
promotion department, 180 
radio, place in, 185 
revenue, 179 
stcreotjT)o plate, 173 
Sunday edition, 184 
syndicates, 177 
theories of journalism, 174 
United Features, 178 
United Press, 177 
w'ood pulp paper, 173 
Newsprint, 146, 148, 157, 183 
Now'S sendees, 177 
New' Stone Age, 19 
New'ton, Sir Isaac, 603 
New York Central System, G58, CGI, 670 
New York Daily News, 176 
Now York Herald, 174 
Now Y"ork Publishers" Association, 100 
New York Stock Exchange, 767 
New’ York Sun, 174 
New York Ptmes, 174, 176, 179 
New York Tnbxmc, 173, 174 
New York University, 741 
Nichols, Ruth, 738 
Nickel, 427, GSO 
Nickelodeons, 806 
Nickel-silver, 420, 420 
Nieso, Honrj'' E., 298 
"*Niouw Amsterdam,*’ 472 
Night message, 759 
Nitrated coal, 380 
Nitric acid, 521, 523, 534 
Nitrobenzene, 523 
Nitrocclluloso lacquers, 547 
Nitrogen, 523 

Nonferrous metals, 421, 436, 437, ‘445, 446 
Nonrigid balloons, 722 
Nonshatterablo glass, 477, 494 
Normandie, 643 

North American Aviation, Inc,, 714 
North American Review, 176 
Northern Liaht, 631 
Northrop, J, H., 225 
Northrop battery loom, 225 
Norway pine. 111 
Nuclear physics, 697 
Nylon, 232 

o 

Oak, 111 

Oak Bark, 270, 272 
Observatory, 764 
Obsolescence, 226, 530, 567, 661 
Occupations, 671 


989 


INDEX 


990 


Ocean Mail Act, C30 
Ocean Stcamslup Company, 030 
OcUcr, 5 11, 545 
Octane number, 351 ^ 

Oenslapei, George, 251 
Oersted, Hans Christian, Oil 
Offal, 74 

Off-lmo traffic, 666 
Offset process, 104 
Ohm, Dr. G. S., Oil 
Ohm’s law, 611 
Ovl; See Petroleum, 327 
Oil: 

cotton seed, 244 
fields, 339 
land leases, 345 
refining ccntois, 341 
tankers, 039, Goo 
on Cicek, 32S 
Oil-gas latio, 347 
Oil industry in IJ S. A , 329 
Oil-well cement, 510 
Oiticica oil, 540 
Old ago insurance, 15 
Old Dutch process, 543 
Olds, Ransom E , 084, 096 
Olds Motor IVoiks, 6SG 
Olco oil, 74 
Oleum petrae, 327 
One-piice policy, SGS 
Open-book credit, S7S 
Open-door policy, SOS 
Opcn-hcaith furnace, 401 
Open-hearth process, 401 
Open-market holdings, 927 ^ 

Open-market operations, 925 
Open-pit mines, 424 
Opon-piice plans, 950 
Operating depaitmcnt, 660 
Operating ethciencies, 616 
Opeiating expenses, S74 
Operating statistics, department store, S73 
Operators* 

fixed base, 729 
telephone, 797 
Ore: 

complex, 43S 
copper, 425 
iron, 397, 400 
loud, 438 
phosphate, 520 
zinc, 4 15, 457, 45S 
Ore boats, 399 
Ores, porphyry*, 423 
Orgamration: 

aoroiiauticnl company, 717 
bank, 935 

Boll 65*stom, 77S-7S0 
charts — ncionautical company, 717 
charts — chemical company, 537 
charts— department store, 872 
chai ts — oil coinjianj , 36*1 
clmrts — trade associations, 952 
department store, 872 
glass industry, 4S3 
ra\lro*\ds, 605 
sugar rcfinciy, 307 
telegraph company, 707 
Organized, 
farmers, 21 
workers, 2 

Organized lalior. 2, 12 
functions of, 12 
Joint relations, 14 
responsihiUtics of, 12 
Orthiron, SOI 
Oi'CiHuting arc, S2S 


Oscillator, 829 
Ostnch skin, 2SS 
Otter trawl, 92 
Otter trawler, 90 
Otto, Dr. Nathan, 682 
Otto, Dr. Nicholas, 60S 
Otto cycle, COS, 610, 0S2 
Otto engine, 60S 

Overlancl radio telephone Bcr\’ice, 824 
Overnight telegram, 758 
Overproduction, 211, 321 
Overseas telephone service, 794 
Ovcishot wheel, 600 
Owens, Michael, 47S 
Owens-Illinois Glass Compan>', 473 
Oysters, So 
Ozocerite, 327 

P 

Pacific Mail Line, 630 
Packer, 70 

Packer hides, 277, 291 
Packers and Stockyards Act, 82 
Packers’ buj'ois, 71 
Packing cement, 513 
Pack process, steel, 40S 
Pams de Venise, 297 
Paint, varnish and lacquer industry, 541 
boxes, packing, 550 
capital invested in, 552 
coioied pigments, 544 
containers, 550 
development of lacquers, 548 
dneis, 547 
dyes, 542 
employees in, 553 
enamel, 547 
export trade, 551, 552 
financing ir^ 552 
grinding of pigments in oil, 542 
history of, 541 
lacquer, 547 

manufacture of white lead, 542 

manufacturing paints, 517 

materials of, 543 

natural pigments, 515 

number of establishments in, 554 

origin of Ameiican, 511 

packing paints, 550, 551 

pigments, 543, 544, 545 ^ 

pigments imyiortcd from England, o4*- 

products, yahiG of. 554 

raw* materials of, 5 13 

ready mixed paint, 543 

salaries, 551 

shipping paints, 550 ^ 

social and economic importance of, oM 
thinners, 547 
transportation, 550 
value added by manufacture, 554 
varnish, 517 
vehicles, 543, 546 
volatile thinners, 547 
wages in, 554 
white paints, 513, 544 
Paints. 455, 547 
Pale crepe rubber, 251 
Paleolithic Ago, 541 
Paleozoic Age, 339 
Palmetto. 281 

Paniinia Canal Act, 1912, 639 
Paiicroatin, 70 
Panhnrd. CS2 
Panics. 933 

Pa]>cr‘ See Pulp and Paper industry, l—> 

^ Pa]ier; 

bags, 144 
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Paper — {Cant,) : 
board, 131, U8, 165, 157 
book, 148, 167 
composition of, 125 
derivation of vrord, 127 
finishing, 141 
grades of, 125 
groundrvood, 148 
invention of, 127 
kraft wrapping, 148 
litmus, 740 
maker, 126 
making, 139 

manufacture in TJ. S, A , 129 
matrix, 173 

newsprint, 147, 148, 167, 183 

origin of, 197 

prices, 15G 

products, 141 

rag, 127, 128 

selection of, 164 

tissue, 148, 157 

waste, 132 

wood-pulp, 128, 142, 173 
wrapping, 131, 148, 157 
writing, 148, 157 
Paper products, 239 
Papin, Dr, Denys, C03 
Pap>Tus, 126, 127 
Paracelsus, 445 
Paradichlorobenzcne, 624 
Para-nitranihne, 546 
Paranzella not, 93 
Par-collection systeni, 928 
Parent company, 778 
Parker, Joseph, 502 
Parker, Samuel, 273 
Parkes process, 439 
Partings, 377 
Parts 

manufacture, 689 
standardization of, 13 
Passbook, 935 

Passengers, air transport, 735 
Passenger traffic, 001 
Passenger vessel construction, 643 
Passenger vessels, G39, 655 
Paient oonfiict, radio, 845 
Patent leather, 286 
Patent litigation, G95, 854 
Patent office, 775 
Patents, automobile, 695 
radio, $39 
teicgrnph, 749 ^ 

Paul, Lewis, 200 
Paying guests, ^8 
Peace Conference, 834 
Peak-to-poak basis, 672 
Peanuts, 525 

Pearl Street Station, 587, 012 
Peat, 370, 370, 3S5 
Peat-bog theory of coal, 307 
Pecuniary, origin of, 270 
Peddler, SCO 
I’col, Sir Robert, 205 
Pclagio fish, 80 
Pclton turbine, GOl, 607 
Pelts, 68. 276, 277, 279 
Pennsj Ivanm Packet and Ocneral Advertiser, 
171 

Pennsylvania Rock Oil Company, 328 

Pcniiy-arcndo, SOG 

I'onsions, 785 

Penstock, 00^4 

Pepperbox hide, 278 

Pej>=iin, 76 

Pcicentage SYstem. SIG 


Poifumc, 521 
Peril la oil, 546 
Permalloy, 769, 700 
Permendur, 790 
Perminvar, 700 
Personal iournahsm, 174 
Personnel, 570, CG8, S79 
Personnel relations, 593 
Peru, 190 

Peterson, Captain Waldcmer, 745 
Petroleum, 525 
Petroleum industry, 327 
automobile, influence on, 333 
blending gasolines, 351 
by-products, 337 
Cahfoi uia fields, 340 
companies, 3G2 

conservation of petroleum, 360 
employees, 367 
financing, 357 
foreign attitude, 301 
competition m, 356 
consumption, 354 
costs of production, 347 
cracking process, 3^, 33G, 349 
crude oil, 328, 330 
crude oil couscn’’ation, 334 
development of od fields, 344 
discovery of natural gas, 336 
domestic trade, 354 
Drake's diacoi or 3 % 328 
drilling acinitics, 330 
drilling wells, 345 
Eastern fields, 339 
exports, 351, 355 
extracting oil, 347 
foreign production, 329 
foreign rcrimng centers, 342 
fuel, 337 
future, 3G3 
growth, 329 
Gulf Coast fields, 339 
history’, 327 
investment, 357 
land leases, 345 
leaders, 333 

legislation affecting, 359 
location, 34i 
lubricating oils, 337, 340 
marketing, 354, 358 
mid-contment field, 330 
^liddlo Western fields, 339 
natural gas, 328, 330, 330, 337 
natural-gas gasoline, 32S, 330 
oil a source of light, 327 
oil industry in the 17. S. A , 329 
od land leases, 315 
organization of company in, 303 
petroleum fields in IJ. S A , 339 
petroleum oils, 337 
petroleum products, 351 
petroleum, uses of, 337 
pipe lino regulation, 3G0 
pipe liticsj^332. 312, 318 
power, 337 
price of od, 332, 333 
production in, 329,^338, 3 JO 
products of, 333, 35! 
refining centers, 341, 312 
refining proco<*s. 310 
rofecn-oa of oil, 310 
Rocky Mountain fields, 310 
scientific deternunatiou of presence of oil, 
344 

size, 33S 
sources, «338 
storage of od, 319 
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petroleum industry — (,Cont): 
storage tanks, 348 
tank carS; 348 
taxation, 3G0 
trade, domestic, 354 
transportation, 330, 348 
a factor in location, 342 
wage earners, 357 
wells, 331 
world sources, 338 
Peugeot, G84 
Phantom circuit, 789 
Phenol, 535 , 

Phenolic rosin, 547 
Philosophy: 
labor, 2 

of group action, 26 
Phoenicians, 626, 657 
Phonograph, 807 
Phosphate ore, 526 
Phosphoric acid, 297 
Phosphors, 582 
Phosphorus, 523 
Photograph, SOS 
Photographic film, SOG, 811 
Photoplay appreciation groups, 81 7 
Phthalocyanine blue, 545 
Pickard, G. W., 822. 826 
Pickford, Mary, 807 
Pickle liquor, 413 
Pickling process, 40S 
Pictures bj" wire, 799 
Piedmont, 233 
Pierce's Almanac^ 159 
Pig iron, 400, 403 
Pigment, 455, 542, 543, 545 
Pigskin, 288 
Pillar of Delhi, 397 
Pilotage, 652 
PintadoeSf 195 
Pioneers; 

in aviation, 708 
in electrical industry, 585 
Pipe lines, 332, 342, 348 
company, 348, 360 
Pipes* 
brass, 453 
copper, 428 
lead, 437 
steel, 417, 418 
Piracy, 627 
Planer, 559 
Planing, 558, 560 
Planning, 13, 28 
agriculture, 60 
techniques, 60 
Plantation, rubber, 252 
Plant department, 767 
Plant location, factors of, 68 
Plant organization, 483 
Plants, annual, 132 
Plastic age, 590 
Plasticizers, 549 
Plastics. 23, 126, 138. 495, 523 
Plate glass: 
annealing process, 491 
automobile, 680 
casting, 489 

crucible, making of, 489 
finishing, 491 
grinding, 491 

inspection of crucible, 489 
melting in furnace, 489 
polishing operations, 491 
uses, 497 

Plate glass industry-, 487 
annealing process in, 491 


Plate glass industrj’ — (Cont,): 
centers of manufacture in, 497 
continuous process of manufacture, 491 
difficulties encountered, 487 
distribution of plate glass, 497 
establishment, 488 
first plate glass plant, 487 
growth, 488 

HercuUtc, manufacture of, 493 
inspection in, 496 
location, 497 

manufacturing centers, 497 
manufacturing processes, 488, 490 
mass production, 491 
materials, 489 
process diagram, 490 
processes, 488, 489 
production, 488 
rolling glass, 492 
status, 499 

uses of plate glass, 497 
Plates, steel, 415 
Platinum. 420, 581 
Playfair, Lord. 327 
Pliny, 327, 435, 469 
Plow, 34 
wooden, 20 
Plutarch, 011 
Pb’wood, 118 

Pneumatic tires, 256, 262, 683 
Polariscope, 29S, 480 
Polarization, 821 
Polarized light, 494 
Policies: 

aeronautical indust 727 
Bell system, 787 
farm, 28 

motion picture producers, 808, 809 
trade association, 951 
Polk, President James K., 742 
Polymerization, 54G 
Polyphase, 586, 589 
Ponce do Leon, 64 
Pontoon, 725 
Pony Express, 897 
Poor rates, 199 
Popham Colony, 626 
Poppy oil, 543 
Population, 20, 52, 53 
center of, 6 
diffusion of, 713 
farm, 49 

Populist Party, 25 
Porcelam-enamelmg, 415 
Porgies, 88 
Pork, 66 

packing center, 66 
Porkopolis, 68 
PorphjTy ores, 423 
Porta, 739 
Port dues, 652 
Portland cement, 503 
Portland vase, 470 
Postal Aid Law of 1891, 638 
Postal Roads Act of 1866* 756 
Postal Telegraph, Inc., 748, 753 
Post-road, ^3 
Potash, 522 

Potassium cyanide, 523 
Potassium ferrocyanide, 522 
Poulsen-arc system, 842 
Poulsen Wireless Corporation, 826 
Poultry, 64, 101 
feed, 73 

Pound nets, 89, 91 
Power: 
animal, 599 
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Somcr5ot, Edward, 603 
Sound engineer, 813 
Sound oquipmcnl, 807 
Sound motion picture, 807 
principle, 808 , 

Soulii (‘aroHna C*annl ond Kailrond Com 
p'lny, 659 

Soiif hern pine?’. 131 
Sorrrron af th$ 631 
Soybeans. 22. 525, 680 


oil. 5t6 

Simnihh Armada. 196, 626 


Sjiark plug, 691 
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PpnfV transmitter, $22, $27 
47$ 

$j)eru\hrMion* 570 

trnnyini* siots, 7$0 
$i>r!tcr, -no 
$ptmlente, 

SpiUv^ny, (kOt 

HpimHe^. ISO* 102* 211* 210, 223, 233 
Spintile Top pool, 320 

ISO, lOO, 102, lOS, 200. 223 
jenn^^ 201 
whc^l, lOO 
Split, loHiher, 2$5 
SpontnneoiH comlm^tion, 37$, 3$S 
Sprnnm. T. ,l„ 5S7 
Spriiip* I-a V<*rtu» W , 30S 
Spnu'e, Ul, 13 i 
Stfthiljfntion con orntionf<, 20 
Stn{»f»ronc}t, S^5 
Stnrnji J'ood PlnTJ, 41 
SstaiHlnrdizntion: 
of cqujpjnont* COO 
of parts, 13 
principle, r>S7 

prc*molion !>y trmlp ns-onatiou, 054 
Standard Oil 'Inist* 333 
Stamiftrd‘»: 
committee, OS^ 
of living, 1 1* 573 
^ of trmie n^^-ocinUon**, 054 
Stanlov, ^\ lUjfim, 5S3 
Stanley Btcam rnr, OS-l 
Staple, 211 

State A JTf in lit Ural rAten^ion Sen ire, 32 

State baukmr, OlG 

State BnnK of Indiana, OlS 

State lejp*ilat ion, 7(K1 

Stati/% ra<ho, S50 

Static inarlnnc, 011 

StatiRtic*^: 

department store, S73 
*fteel induMtrj*, 420 
trade n'’9oemtions, 955 
Steak, S2 
Steam: 

automobile, GM 
coal, 3 SO 

eloetne plantP, 010 
engine. 579, 003, 007, 012, 712 
lofomotnc, 059 
“Otx?rutod milK 217 
l>mvcr, 104, 135, OSS, 3S9, 002 
-pmpeiled road carriafa:*?, GSl 
riidroad*?, COS, 071 
ship, $00 

station**, jioner, 010 

turbine, 578, 589, 590, C02, 007, 612. 0*10 
Steamers, 041 
Stcadno, 74, 2SG 
Stearns, J. 11 , 740 
Steel, 397 

alloy, nutomobile, GSO 
bars, 40S, 417, 418 
making; of, 400 
mild, 40*1 
mill, 409 
pipes* 418 
plates, 415 
rails, 417 
sheet, 40S 
strip, 115 
stnictural, 417 
tubes, 418 
xvjro, 418 
Siocis, 09 

Stefi’en proccs*}, 317 
Stemmetz, C'hailos T., 5S1 


Stonier, Jacob, 472 
?tep-<lox\m transformers* 578 
StrjdicnRDn, George, Cob 
Stoj)-up transformers, 57S 
Sterrotipo T>latc, 173, 183 
Slerilamp* 5S2, 590 
Ste\ ensou restriction Rchcrae, 253 
SUegel, Henry W., 472 
Sticgoi pla*-«», 472 
Stock: 
control, SSO 

holders, 607, 782, 015, 93G 
rights, G9S 
feavmgs banks, 935 
ticker, 740 
Stock raifiing, G5, 09 
Stoek yard‘d, 06, CO 
fee, 70 
income, 70 
operation, 70 
Stokers, 590 
Stone, J. S., S22 
Slone Age, 19, 422 
Stone coal, 308 
Stone rails, 657 
Storage: 
coal, 3S7 
meat, 70 
od, 319 
tanks, 3 18 

Storage lnttcr>% 437, 440 
Store-keeper, CG7 
Stores, SCO 
sjiccmlty, 806, 867 
Stoitrhnd(j<* lAon, OSS 
Stoves 100 
Strap leather, 2S1 
Street-railway sjstem, 5S7 
Stretcher Icvcjmg, 413 
Strip coal, 377 
Strip steel, 415 
automobile, 080 
Stnppcr wells, 317 
Stnictural iron, 0-lS 
Stnictural steel, 117, 648 
Strutt, Jedidiah, 201, 203 


Stucco, 515 

Studio Relation** romnuttec, SOS 
Sturgeon, 7 10 
Submarginai land, 49 
Submarine cable, 743, 790 
Subsidies* 074 
Sufibistcnco farming, 51 
Substation, 578 
Suffolk Bank, 917 
Suffolk gi'stem of redemption, 910 

ot 1037, 33, CO, 310, 311. SIS 
beet, 33, 290, 314, 324 
browm, 305 

cane, 33 ^ ^ 

culture,^ 295, 31S, $24 
conservation program, 35 
cube, 305 
food value, 313 
goTOrnmont pajTnents, 35 
granulated, 305, 306 
meat curing, 73 
raw, 303, 305, 300, 314 
soft* 305 
sjTup, 313 
testing, 303 
weighing, 303 
Sugar mdustrj', 295 
association of, 312 
boot sugar. 299. 3M 
beginnings of, oOO 
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Sugar mdustrj’ — {ConL): 
distribution of, 314 
investment m, 314 
cane sugar, 295, 302 
domestic, 318 
harvesting sugar cane, 319 
insular, 318 
competition in, 307 
consumption of sugar, 295, 302, 319 
control of sugar, 309, 310, 311 
plans for, 321 

economic position of refiners, 311 

export in, 30G 

financing in, 307 

future of, 322 

history of sugar, 295, 299 

import duties, 308 

inspection in, 306 

International Sugar Agreement, 322 
labor, 295, 307 
legislation, 309 

legislatpe discouragements in, 300 
legislative encouragements m, 300 
manufacture, process of, 315, 320 
marketing in, 306 “ 
molasses, 297, 309, 316 
outlook of, 322 
ov'erproduction, effects of, 321 
production, 300, 301, 315, 324 
products, 305, 306, 316 
profit, margm of, 309 
quotas, sugar, 310 
quota system in, 301, 318 
ravr sugar, 303 
refineries, 302 
location, 302 
organization, 307 
refining, 296 
in U. S , 297 
methods of, 297 
process, new, 312 
process, old, 303 
selimg for export, 306 
8>Tup, 313 
tariff, 301 

transportation, 319 
wage earners, 295, 307 
Sidly, 740, 741 
Sulphate pulp, 139 
Sulphate-resistant cement, 516 
Sulphite pulping process, 12S, 137 
Sulphito wood pulp, 137 
Sulphur, 131, 333, 521, 525, 535 
Sulphur balls, 377 
Sulphuric acid, 521, 522, 534 
Sumac, 280 
Sump, 379 
Superetts, 869 
Supcrhetcrod>'no, 830 
circuit, 840 
Supermarket, 869 
Supreme Court decisions, 963, 964 
Surfacing machine. 566 
Siiriffus Marketing Administration. 42. 43 
Switchback, 367 
Symington. IV., 6S1 
Sjmehronous converter, 593 
Syndicate buying, 870 
SjTadicatos, 177 
Synthetics, 23, 229, 521, 547 
Syrup, 313 
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Tableware, glass, 479 
Tabloid. 175 

Tagliabue'e open-cup tester, 550 


Tailings, 425, 458, 459 
Tai-Tsung, 296 
Talc, 142 

Talking picture, 808^812 
TaUow, 286 
Tallow candle, 579 
Talmadge, Norma, S07 
Tanare, 270 
Tanbark, 270, 272, 275 
Tank cars, 348 
Tanker, 639 
Tannery, 275 
Tannic acid, 280 
Tannin, 272, 283 
Tanning: 
agents, 280 
chrome process, 271 
early methods, 270 
materials, 279 
methods of, 271 
preparation for, 281' 
processes, 272, 282 
vegetable. 285 
Tantalum, 569 
Tar, 385 

Tariff, telegraph, 742 
Tariff Act of 1789, 628 
Tariffs, 30, 212, 292, 505 
Tavern, 8^ 

Tax, gasoline, 704 
Taxes: 
farm. 20 
gasoline, 704 
petroleum industry, 360 
processing, 31, 33 
railroads, 674 
utilities, 623 
Taylor Grazing Act, 36 

Teaching Film Custodians, Incorporated, 817 
Technological unemployment, 10 
Technologist, 298 
Technology', 
advance in, 234 
agricultural, 21, 22, 53 
changes in, 22 
progress in, 10, 22 
Telefunken Company, 826 
Telegram, 739, 757 
Telegraph, 739, 740 

automatic, 749, 750, 753 
bill, 741 
duplex, 749 
line, 773 
multiple, 774 
multiplex, 749 
quadruplex, 749 
system, 761 
vanoplex, 750, 753 
Telegraph industry'. 739 
air resen’ations, 767 

American District Telegraph Company'# 
767 


American Express money orders, 766 
Association of Radio, Cables & Hand 
Xiincs, 771 

Atlantic cable, first, 744 
Automatic telegraph, 749 
British and XJ. S. rates, 760 
business and telegraph, 757 
cable sending and rccchang, 769 
cable sy'stcm, 743 

capital, 756 . 

commercial development of Iclegrapn 
business, 758 
development of, 746 
difficulties encountered by Morse, 742 
economic si^mficance of, 757 
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T elograph industry — (Coni ) ♦ 

Edison’s contribution to, 749 

hrst practical telegraph instrument, 740 

first practical use, 742 

gift orders, 765 

growth, 747 

history, 739 

unproved design of cables, 769 
internal organization, 767 
inventions m, 739 
investment in, 756 
leaders, 750 
legislation, 756 

loadstone, early knowledge of, 739 
messenger-errand semce, 766 
money orders, 765 
organization of, 767 
Postal Telegraph, Inc , 753 
services of, 763 
Signaling, methods of, 739 
Size, 750 

technical de\ elopmcnt in* 74S 
telegraph system today, 761 
tuned wire serMce, 762 
tra\ elcrs’ cheques, 766 
Western tTnion cable, 768 
Western Union organization abroad, 770 
\\cstern Union Telegraph Coinpan>% 717 
1 ejemeter eervace, 753 
lelcphone, 773 
acoustic, 774 
cable, 440, 777, 792 
central oftice. 797 
directories, 783 
distribution, 785 
clcctnc speaking, first, 773 
engineering, 781 
exchange, 797 
long-distancc, 776, 790 
number of telephones, 770 
operators, 783 
switchboard, 789, 797 
Telephone industrj , 773 
nchiD\omcnts m telephone art, 789 
assets of, 782 
cable, 792 
cable sheath, 794 

central offices, 797 i 

chroiiolog> of, 802 

connections oi ersoas w itli Bell sj stem, 700 

development m, 7SS 

dev clopmont of national serv ico, 775 

dial equipment, 79S 

distribution of telephones, 785 

economic significance of, 800 

electric speaking telephone, first, 773 

cmplov cc benefit plans, 7S*t 

cmplojecg, 779 

forecasting the nation’s need, SOI 
general-stefi service, 781 
prowth of, 778 
history, of, 773 

modern telephone mdustrj , SOI 
orRanizntion of Bell ajstemj^77S 
overseas telephone service, 791 
ownership of, 7S2 
personnel, 7^ 
pictures bv w ire, 709 
Jiole lines. 779 
policies of, 7S7 
practical telephone, first, 775 
radio telephone-, 79 1 
regional companies, 760 
re«carrh m, 7SS 

*ihip-to«shore teloplione «cniec, 795 
•nvitchboard, 775, 7S9, 797 
telcti pewritor service, 798 


I Telephone mdu'itry — (CW). 
tclcvnsion, 799 
underground sjstom of, 791 
w ire miles of, 779 
w ire-to-cablo transition, 777 
Telephone-line mainteinncc, 777 
Telephones, number of, 782 
relephonic transmission, 774 
Telcphonj , 780, 790 
Teleprinter, 750 

Tclepnntci -multiplex repeaters, 750 
Telcrcgistcr, 7C7 
Tclcregistcr Corporation, 767 
! Telctj-jicwntcr centrals, 707 
[ Teletj pow ntcr serv icc, 798 
I Television, 709, ^5, 859 
network, 803 
projector, 8C2 
transmitter, SOI 
Tellurium, 427 

Temporary National Economic Committee, 
9iS. 950, 950, 901, 966 
Tenant-loan program, 39 
Tenant-purchase program, 39 
Tcndcnzation of beef, 582 
Tcnnctosec Vallcj' Authontj , 54 
Terne plate, 437 
Terrapin, 89 
O’ertiarj Age, 339 
Tesla, Nicola, 5S3 
Testing 
engme, 718 
hne, 091 
steel, 413 
sugar, 303 

Tetrasodium p^Tophosphala, 521 
Texas Companv , 350, 362 
Textile Color Card Assocntion of the U 8, 
Inc , 916 

Textile roundatioii, 230 
Textile uidustr>, 387 
all-cotton fabric, 203 
American nmclnncs in, 223 
apprcntiocslnp m, 201, 205 
block jiniiting, mrly, 196 
carder, 200 

child exploitation m, 204 

child laboi in, 205 

Civil Bar, efiert of, on exports, 216 

cloth, doniestK, 212 

color, 227 

competition m, 212 
conditions detrimental to, 218 
cotton conditions, 205 
cotton in prehi*itoric America, 288, 289 
craft*!manshipr 228 
cjhtidcr cirder, 200 
cvJitidcr printing, 202 
demand for fabric**, 190 
earliest known cotton discovered in Jndn, 
18S 

early looms, 192 

cfTcets of water route to Onent, 

Engknd’fi interest in Oncnlnl markitw 
1% 

English Ifllxirlaw, 

Engti«li machine**, 221 
Enph«h textile Ixt}or, 197 
ethnological mysterv of cotton, 
fftb-ic?, 199, 227 
far tone-* i urn Ur and of, 
fi> shuttle, 

fund imcfttnl ir ctlwwl* of Kmn mix IW 
geogrophicnl <iuth>ci»t mn, 2 
gm, rot urn, 31' 
hand craft *rnin5nH>. 

!\i*torv of coKou, J87 
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Toxtllo indu'stn' — (Coni.): 
history of textiles, IS7 
history of te'ttifes in 15 B A , 20^ 
hours of ^\o^k♦ 2SS 
induHtrnl era, 100 
Iiidu'^trnl Bo'volution, 220 
in\cntion«, 200, 201, 202 
Johann Jurgen, contributions of, 105 
l\ay, ,Tohn, 309 
KmttinK, 227 
labor, 21.5, 210, 233 

Leonardo da Ainti, contnbutjon of, 195 

\oom^, 102. 200, 221, 227 

nnchinery, 22 5, 227 

manufacturing in Ne\s Lnj»land, 217 

mcrchandi‘‘inp:, 230 

millb, 2;G, 217 

nrull*^ in ^uth, 221 

Non Enpland, 21 5, 222, 2 52 

ncu indu‘«tnrs, 2 50 

poNver m. 21 i 

poncr loom, 200, 207, 211, 221 

pnntcd roods, prohilntion of, 203 

printing. 197, 20 5. 201 

ra\on, 230, 231. 231 

roller fipniinr r, 200 

routes of tcxtde intrusion, 191 

silk, 2 iO 

socnl-o^'onon ir trends, 23G 
Soutliern States, 221 
spiiminr. 190, IDS, 223 
spmnnn: jennj , 201 
spiunmj; luulc, 223 ^ 

steatn-oj>cratcd mills, 217 
structural sm ilaritics of cottons, 190 
Tariff of ISIO, 212 
tcchnoloricrl advance, 231 
textile intrusion, 301 
textiles in United States, 20S 
unges, 23S 

Asarjvdrcssing machine, 211 
^^ca\ulg. a profession, lOS 
xsea\ang h\ pouer loom, 207 
\iea\ang color into fabric, 227 
Thales, 010 
Theater, SU 
Thebes, 193 
Theophrastus, 5-11 
Theory of film rental, 81 G 
Thomson, Elihu, 584 
Thorpe, John, 223 
Thread, 17 

TlircG-electrode lube, 825 
Three-electrode \acuum tube, 823, 825 
Tick, 278 
Ticker, 749, 703 
Tilghman, Joseph, 12S 
Timber, 109 
lands. 111 
standing, 119 
Timed wire scrMce, 7G2 
Time ecoponiics, 8 
Time ser\ ice, 7C4 
Times Square, 184 
Tin, 429 
Tin plate, 415 
Tires, 2G2, GS,5 
Titanated lithopono, 544 
Titanium, 509 
Titanium dioxide, 544 
Toll lines, 797 
Toluene, 549 
Toluidino, 546 
Toluidme-red, 540 
Torn Thumb, G59 
Tom-toms, 739 


Ton-rnde, GG-1 
Tonnage, G5i 
Tou\nuvk<r. 5hG 
Tor^^ion lulanco, 315 
Tourato Horace. 753 
Touri‘,t, 902 
dollar, 902 
trade, 903 
Tractorr 22 
'Iriule, 05^1 

as«oriatioii«, 591, 012 
barriers, 17 
guilds, 270 
jiractif cs, 815 
promotion, 951, 951 
relations, ^*57 
union**, 2, 3, 8 
'i'rade ac'-ocmlions, *U1-9G0 
at counting intorc'^ts, 950 
nctiMties, 950, ^>51, 959 
budgets, 9 In, 9 19 
toniimttco worJ , 917 
control of, ^*17 

court derisions aU octn g, 902, 0G4 

dcGnition*' of, ^15, 9iG 

dcfct nptions of, 910 

cirlv h*storv of, ^ 11 

effect of XI II A on, 915 

employ er-cmpIo\ee rehiljorj«, 957 

field service of, 951 

financing of, 918 

First World A\iir j criod, 942 

formats e period, 9 12 

functional organization, 94G 

functions. 951, 909 

Government nets nfTot ling, 040, 95S 

Government relations vvitli, 95S 

income, 918, 919 

incorporation, 917 

mendicrship division, 917 

number, 940 

organizational chart, 952 
organized division**. 947, 9 IS 
preparedness activities, 914 
problems, 9GG 
publitMtions, 959 
public relation**, 958 
research work, 953 
schools, 957 

service organizations, 94G 
staff, 94S 

standards promoted b> , 95-1 
statistics, 955, 956 
tasks engaging, 945 
Traffic: 
codes, 704 
conditions, rail, 6G3 
departments, 66G, 707 
Tram, steel mill, 409 
Training, 7 
apprentices, 7 
vocational, 7 
Trammel nets, 92 
Tramp ship, G55 
Tram waj. 057, CoS 
Transcontinental filing, 738 
Transcontinental telephone line, 

790 

Transfer of skiijs, 7 
Transformer. 578, 580 
Transmission 

electrical cnerg;> , 598, GIO. 610 
lines, 578 
of light, 495 
of power, 430, 441 
telephonic, 774 
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